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Editor’s Page 


HE second quarterly meeting of the Board of Directors of 
U. 8. Institute will be held in New York City during Feb- 
ruary, the date and place to be announced later. 


MEETING of the Research Committee was held in the 

Industrial Building, Bureau of Standards, Washington, 
D. C., Jan. 20th, report of which was received too late for in- 
clusion in this issue. 


Ix preparation is an index by subject and author of articles 
and abstracts published in Volume III of TExTILE REsEARcH, 
and, by subject only, of articles and abstracts: published in 
Volumes I and II of U. S. Institute’s mimeographed bulletins. 
It is hoped to have these ready for publication as a supplement 
to the March number of TEXTILE RESEARCH. 


REQUENT inquiries have come from new members recently 

for information regarding the corporate structure and 
provisions of U. S. Institute, its objectives, services and work. 
Unfortunately these are not explained in any single published 
booklet. To provide this information, and to later reproduce 
it in booklet form for reference, a series of brief articles is 
started in this number. Because some of the newer members are 
unacquainted with the ‘‘why’’ and ‘‘how’’ of the promotion 
and organization of U. S. Institute for Textile Research, Inc., 
and because U. S. Institute is now, in its fourth year, sufficiently 
mature to indulge in historical allusions, there will be a few 
introductory paragraphs of this character. 
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The Action of Sodium Hydroxide 
on Cellulose 
Part I, Section 2.—Mercerization a Process of 


Adsorption; Not Caused by Formation of 
any Definite Compound in Mass 


By WILDER D. BANCROFT! and JOHN B. CALKIN? 


(Continued from Vol. IV, No. 3.) 


whereby it is possible, with facility, to obtain the amount taken up by 

change-in-titer from total adsorption data. Calculations have been made 
on total adsorption data of different investigators, and have been given in 
Tables XIV-XXI and shown graphically in Figs. 4-9 inclusive. The data 
were not obtained for the purpose under discussion, but it will be noted 
in every set of data that the amount taken up by change-in-titer is lower 
than the total amount. It will further be noted that, wherever sufficient 
data are at hand, a flat portion of the curve is found, and that this portion 
oceurs at 0.5 mol of NaOH per mol (162 g.) of cellulose. It is evident 
that the amount of water taken up is not so small a quantity that it can be 
neglected, as is done in the change-in-titer method. 

Examination of these curves should show that those maintaining the 
formation of the chemical compound (C,H,,0;),.NaOH in mass have not 
a shred of evidence, either in their experimental data or its interpretation, 
on which to base their argument. 

Clibbens in his review of the literature * states that Karrer has cited 
analogous cases of simple and polyhydrie alcohols to prove compound forma- 
tion between sodium hydroxide and cellulose. Clibbens states: ‘‘ Finally, 
in support of the view that cellulose forms a chemical compound with 
caustic soda, Karrer * calls attention to the analogous cases of other simple 
and polyhydrie alcohols. The evidence offered by ‘chemical analogy’ is 
very strong, and it is surprising that so little emphasis has been laid upon 
it. It is a general property of the alcohols to form compounds with alkalis, 
not only compounds of the aleoholate type, but—more particularly in the 
ease of polyhydrie aleohols—compounds of a complex nature. To illustrate 
this, it is only necessary to refer to the extraordinary range of complex 
compounds formed by glycerol with the hydroxides of the alkalis, the alka- 
line earths, and the heavy metals, many of which are hydrolysed by water. 
The same power of complex formation with alkali hydroxides is shown by 
the sugars and, as Karrer has shown, by the crystalline amyloses. The 


[’ will be recalled that in an earlier section an expression was derived 


‘Professor of Physical Chemistry, Cornell University. 
* Fellow, The Textile Foundation. 
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weight of evidence of this nature is so great that it would be a highly extra- 
ordinary thing if cellulose—otherwise an undisputed polyhydric alcohol in 
its reactions—did not possess this very general property of complex forma 
tion with alkali hydroxides. There is one other system involving a carbo 
hydrate and an alkaline hydroxide which is of considerable technical in 
terest and which has been the subject of study on the lines of the phase 
theory, namely, the system cane sugar-lime-water. At least one, and prob- 
ably several, complex compounds occur, and the equilibria are attained so 
slowly that the relations in this system are almost inextricably involved; it 
is only by treating the system as pseudo-quaternary and imposing certain 
simplifying restrictions that the problems offered by the interaction of cane 
sugar, lime and water have been even partially elucidated, notwithstanding 
the fact that no one of these components is complicated by the possession 
of colloidal properties such as are displayed by cellulose. It is probable 
that cellulose forms a compound with caustic soda under certain conditions, 
but the colloidal nature of cellulose and the characteristic adsorption effects 
must certainly obscuré the simpler chemical relations, even if it is per- 
missible so to differentiate between the latter and the former.’’ 

Heuser has also taken the view of chemical analogy of cellulose to the 
alcohols.” He has built his whole theory around the position that cellulose 
should react as an alcohol and should show analogous properties. 

It is granted that analogy is often a great asset; the only trouble is 
that such an asset does not stay liquid. It soon begins to solidify, and we 
tend to believe that it is factual proof for our contentions. Cellulose is a 
colloidal material and therefore possesses properties which differentiate it 
from a simple aleohol. With pure cellulose there is only a small amount of 
cellulose in the liquid phase so that the concentration of cellulose in the 
liquid phase is rather close to zero. There are points about cellulose which 
ean be explained only by a change in surface, and until definite proof of 
compound formation between cellulose and sodium hydroxide is found it 
is better to consider the process as one of adsorption. 

Neale*® *® has postulated the formation of ‘‘sodium cellulosate’’ in 
applying the Donnan theory of membrane equilibria to the swelling of cellu- 
lose in caustic solutions. However, at the end of his first paper he states 
‘*that an assumption of hydroxyl ion adsorption by cellulose would lead to 
the same quantitative expressions as ddes the salt formation postulate, .if 
Langmuir’s ‘Law of Surface Action’ ® regulates the process of adsorption.’’ 
Donnan has pointed out* in connection with Loeb’s work on gelatin that 
Loeb could have arrived at the same conclusions if he had postulated ad- 
sorption instead of a chemical action of the gelatin. This point will be 
discussed more fully in a later section. 


Sodium Hydroxide taken up from Solutions 


The amount of sodium hydroxide taken up from solutions is condi- 
tioned by a number of factors, of which the following have been reported 
in the literature: 


. Previous history of the sample 
2. Hysteresis and equilibrium 
3. Effect of temperature 

. Change in solvent 

. Addition of salts 
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The history of the sample has a very important bearing on the amount 
of sodium hydroxide taken up from solutions. As would be expected, the 
previously mercerized product takes up more sodium hydroxide than does 
the native material. This subject will be more fully discussed subsequently. 

Heuser and Niethammer ®* report that oxy- and hydrocelluloses prepared 
by different methods show an increase in the amount taken up. The same 
authors* and also Neale have shown that regenerated cellulose takes up 
more caustic than does native cellulose. 

Coward and Spencer ° found that, if they treated cotton in a given con- 
centration of caustic soda and then placed the sample in a more dilute 
solution, a greater amount was taken up than if the sample was simply 
treated at the lower concentration. It is difficult to represent their data 
diagrammatically, so they are presented in Table XXII. 


TABLE XXII 


Data of Coward and Spencer * ‘‘ with one and the same sample of cotton 
fibre treated successively with solution of the strength stated for a period 
of 24 hours in each case.’’ 


Sodium Hydroxide Absorbed substance 
solution. (cotton = 100). 
Grams NaOH per Sodium 
100 g. solution. Total. Water. Hydroxide. 
0.0 53 
5.0 70 
8.0 93 
4.18 80 
0.0 61 
11.4 170 
4.8 126 
0.0 79 
12.8 241 
5.2 203 
0.0 112 
16.8 250 
6.1 234 
0.0 115 
26.9 252, 
11.5 253 
5.4 220 
0.0 114 
35.8 257 
8.4 250 
0.0 108 
3.2 146 
8.7 212 
13.5 240 
19.2 244 186 58.4 


The data for increasing concentration can be found in Fig. 5. Coward 
and Spencer state, with reference to the data in Table XXII, that ‘‘the 
cause of the hysteresis must lie in the retarded response of the structural 
elements of the hair to change under the influence of variable alkaline con- 
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centrations.’’ Lottermoser and Hénsch * have investigated the system by 
the change-in-titer method and also by microscopic swelling measurements 
with concentration and dilution series and found that the two series pro- 
duced different curves. They concluded that a strong osmotic force occurs 
with the swelling, and that the cohering forces of the crystallites of the 
cotton fibre are weakened, producing a partial irreversibility. We have 
started to investigate the problem and have concluded tentatively from 
change-in-titer data that there are a number of apparent equilibria in the 
system (cf. Fig. 1). It appears that the cellulose, being a colloidal sub- 
stance, presents more surface for adsorption if brought to a given concen- 
tration by dilution, rather than by being put immediately into a solution 
of that concentration. Data for total adsorption covering a sufficient range 
and obtained along the lines of those in Fig. 1 are needed. 
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Fic. 10. Effect of Temperature on the Total Amount of Sodium Hydroxide 
taken up (Beadle and Stevens). 


The literature is very definite on the fact that a decrease in tempera- 
ture increases the amount taken up. Beadle and Stevens‘ were the first 
to investigate the effect of temperature on the system cellulose-sodium hy- 
droxide-water. Working with regenerated cellulose and blotting off excess 
solution they obtained the amounts of sodium hydroxide and of water taken 
up at various concentrations over a temperature range of 0 to 40° C. Their 
eurves for the sodium hydroxide taken up are given in Fig. 10. It will be 
noted from this figure that a decrease in temperature, except for 0° C.,* 


* Beadle and Stevens weighed their hanks of regenerated cellulose be- 
fore placing them in the caustic solutions. It is entirely possible that the de- 
crease in the amount taken up at 0° C. might be due to a dissolving of some 
of the cellulose. In this connection it will be noted that the higher and 
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results in increased adsorption and that the maxima shift to the left, thus 
occurring at lower concentration. It is of interest to note that D’Ans and 
Jiiger found in using the change-in-titer method that the step (break for 
constant composition) of their curve shifted to the left and occurred at a 
lower concentration with approximately 35% greater amount taken up at 
2° C. than at 23° C. Their curves are shown in Fig. 11. Heuser and 
Bartunek * found that 17.4% NaOH was taken up at room temperature, 
whereas only 12.36% was taken up at 80° C. from a solution of the same 
concentration. Ké6énig and Dehnert* state that increasing the temperature 
decreases the amount taken up, but they give no data. Birtwell, Clibbens, 
Geake, and Ridge * report that the ‘‘absorption ratio’’ increases. Neale * 
has shown that the amount taken up from N/2 NaOH increases for both 
native and caustic-pretreated cotton with decreasing temperature. 

It is difficult to understand just how one can explain the increased 
amount of sodium hydroxide taken up, on the basis of pure compound 
formation. Attention is again called to Fig. 11 where D’Ans and Jager 
used the flat portion of the dotted curve (determined at 23° C.) to prove 
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Fic. 11. Effect of Temperature on the Amount of Sodium Hydroxide 
taken up by Change-in-Titer Method (D’Ans and Jager). 


the formation in mass of a definite chemical compound. Their curve at 
2° C. is about 35% greater at the step (break) than is their curve for 
23° C. Furthermore, the 2° C. curve is not as flat as their 23° C. curve 


lower concentrations line up better than the range over maximum swelling. 
D’Ans and Jiiger * state that cellulose is mest soluble in the region of maxi- 
mum swelling. However, the difference may be a real difference and not due 
to the experimental technique. No one has taken the trouble to check this. 
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nor does any portion of it give a flat portion at 0.5 mol of NaOH per mol 
of cellulose.* While it is quite conceivable that a change of temperature 
might change part of the curve, still if a compound corresponding to the 
composition (C,H,.0;),. NaOH occurred at 23° C. we should expect to obtain 
a similar compound if the curves were repeated at a different temperature. 

Alcohol appears to be the only solvent, alone or in conjunction with 
water, which has been used to investigate the system. Vieweg” found by 
determining the amount of sodium hydroxide taken up with the change-in- 
titer method that he obtained a greater amount taken up at a given con- 
centration as the alcohol content of the solution was increased. His curves 
show about four times as much taken up at 50% alcohol as with 10%. He 
obtained distribution curves, and concluded that no chemical reaction point- 
ing to a chemical compound was evident. D’Ans and Jager,” working in 
the same way as Vieweg, found that increasing the amount of alcohol in- 
creased the amount taken up. However, they obtained flat portions of the 
curve with 10 to 20% alcohol; the curves change position in relation to the 
concentration and the steps occur at a greater amount taken up as the 
aleohol content is increased. By the change-in-titer method we have found 
that considerably more sodium hydroxide is taken up from 95% alcohol 
solution than from an aqueous solution of the same concentration. 

Beadle and Stevens,’ working with the blotting method, found that both 
total sodium hydroxide and water decreased on the addition of absolute 
aleohol. They do not mention the amount of alcohol added, but state that 
the water dropped from 1927 to 975 and the sodium hydroxide from 108 
to 36. Thinking that the drop was caused by surface tension they deter- 
mined the amount taken up when soap was added to the sodium hydroxide 
solution. No difference in the amount of water or sodium hydroxide was 
noted on the addition of 2% soap to an 8% sodium hydroxide solution. The 
article merely gives the data and does not state the full details as to tem- 
perature, concentration and dilution. Dilution would account for the de- 
crease, but the point needs checking before any definite statement can be 
made. One would expect, as previously discussed, that the lower solubility 
of caustic in the alcoholic solution would increase the sodium hydroxide 
taken up. 

In our work we have noted that cellophane takes up water, but little, 

if any, absolute alcohol (see Table IV). It was further noticed that the 
cellophane was not plasticized in the aleohol as the samples retained a dis- 
tinet rattle. Kress and Bialkowsky * have noted that fibrilization of paper 
fibres on beating in alcohol and other non-swelling agents does not oceur. 
There is an opportunity, by working with different solvents, to do very 
necessary research. It is entirely possible that working in this way might 
shed light on the role of sodium hydroxide and of water in the mercerization 
process. 
Washing with alcohol has often been used erroneously as a method of 
determining the amount of sodium hydroxide taken up from aqueous solu- 
tions. In reality it merely shows how much sodium hydroxide will be re- 
tained if the sample is subsequently washed with alcohol. The data in the 
literature will be treated in this light. 


* It would be of interest, if data were available, to calculate the change- 
in-titer curve from the total adsorption data for as low a temperature as 
D’Ans and Jager used in their work. 
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Gladstone ' found that by washing with hot alcohol of specific gravity 
0.825 or cold absolute alcohol he obtained 12.34 grams NaOH retained per 
100 g. of cotton. Many of the experimental details are not given, but it 
was customary at that time in this type of work to select the conditions of 
the experiment, so that it may be that Gladstone did not publish all the 
experimental data that were obtained. Hiibner and Teltscher * showed that 
the amount retained by the cellulose was a function of the time and tem- 
perature of washing. They were able, by regulating their experimental con- 
ditions suitably, to obtain the same values as Gladstone. The general run 
of their values were lower than those of Gladstone, and they concluded that 
yladstone had not washed his samples completely. Karrer* has checked 
Gladstone. Heuser and Niethammer ®* claim that time and temperature con- 
dition the amount of sodium hydroxide retained by the cellulose only if 
precautions are not taken to exclude water. They maintain that slight 
traces of water in the absolute alcohol must have led Hiibner and Telt- 
scher * and also Rassow and Wadewitz® astray. They took precautions to 
exclude water and carried out the extraction in a Soxhlet extractor. By 
carrying out the extraction at 50-58° C. for about 16 to 26 hours they ob- 
tained data which they claim give the break unmistakably. <A study of 
the data shows that the values are not at all constant. Furthermore, we do 
not know what would be the result if the temperature were raised even with 
precautions to exclude water. 

The results on the addition of salts to the system are by no means con- 
cordant, and, while this phase of the problem does not appear important, 
it might be that checking the results might clarify the general problem. 
Beadle and Stevens,’ using the blotting method, found that 20% sodium 
chloride increased the amount of sodium hydroxide taken up at 5° C. from 
15% to 25% solution. Using the change-in-titer method Vieweg, Hiibner 
and Joyner report that sodium chloride increases the amount of sodium 
hydroxide taken up. D’Ans and Jager™ report that sodium chloride in- 
creases the amount of sodium hydroxide taken up, as measured by the 
change-in-titer method. The data of the latter authors show that sodium 
carbonate gives a slightly greater increase than does sodium chloride. 
Liepatoff,” on the other hand, has shown that potassium salts decrease the 
amount of sodium hydroxide taken up. D’Ans and Jager, without making 
any determinations with potassium salts, considered that sodium and potas- 
sium salts should have the same action and therefore, inasmuch as Liepatoff 
found a decrease with potassium salts and they an increase with sodium 
chloride and sodium carbonate, Liepatoff must have made experimental 
errors to have deduced that potassium salts have any different action than 
sodium salts. The difference may be due to a common ion effect in which 
case the amount of potassium hydroxide taken up should increase on the 
addition of potassium chloride. Apparently no one has tried the latter to 
see what really happens. Joyner*® claims that sodium and potassium 
chloride have a different action in another case. He ran a series of experi- 
ments in which he heated cotton with various solutions and subsequently 
determined the viscosity in cuprammonium hydroxide solution. His viscosity 
data are as follows: 
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JOYNER’S TABLE VI 


Samples heated 7.5 hours at 120°. 

Composition of solution Viscosity 
(a) 2N-NaOH 340, 326 
(b) 2N-KOH 510, 491 
100 ce. of (a) with 20 grams of KCl ta; €2 
100 ce. of (a) with 15.9 grams of NaCl 445, 431 
100 ce. of (b) with 20 grams of KCl 82, 82 
100 ee. of (b) with 15.9 grams of NaCl 652 


What Joyner did not realize was that he should have the same action with 
a combination of 2N NaOH and 2N KCl as with 2N KOH and 2N NaCl. 
Viewed in this light he added approximately 5 grams of potassium chloride 
in excess of 2N and 4 grams of sodium chloride in excess of 2N. Therefore 
he obtained the great difference between 72(NaOQH-KCl) and 652(KOH- 
NaCl) with 5 grams of potassium chloride and 4 grams of sodium chloride. 
With such a large difference he should have checked the data before pub- 
lishing them; the point is that he did not sense the large difference between 
4 grams of sodium chloride and 5 grams of potassium chloride. The vis- 
cosity data on NaOH-—NaCl in another table in the same article, while 
under slightly different pretreating conditions, are inconsistent with the 
above table. The difference is nowhere near the above difference. We must 
assume either that potassium chloride has a very specific action or that 
there is a large experimental error. 

D’Ans and Jiger claim*™ that the sodium chloride is not taken up in 
the presence of sodium hydroxide. We worked on the assumption that no 
sodium chloride was taken up under these circumstances and tried to obtain 
a method for determining the water taken up, but concluded that the 
method was unsuitable as sodium chloride was taken up. Beadle and 
Stevens,’ using the total adsorption method, report that sodium chloride 
is taken up in variable amounts at 5° C., depending on the concentration. 
We must either conclude that D’Ans and Jager made experimental errors, 
or that there is a balance in the case of sodium chloride such as has been 
shown for the constant amount of sodium hydroxide taken up with the 
change-in-titer method. 

Beadle and Stevens, in the same series of experiments as mentioned 
above, report that the water varies only slightly at 20° C., increasing from 
4% to 13% sodium hydroxide solution and then decreasing. We have found 
the following data for cellophane, excess solution being removed by blotting: 


TABLE XXIII 


Swollen wt. per 
162 g. cellophane 
cone. g./g.H,O 
0.0647 g.NaOH 
0.0654 g.NaOH ) 
0.0518 g.NaCl { 


(In titrating for NaCl on the cellophane the sample turned light brown, 
probably because of reducing groups in the cellophane. No attempt has 
been made to carry the experiments any further.) 
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We have already seen that sodium chloride is taken up in the presence 
of sodium hydroxide. Beadle and Stevens claim that sodium chloride in- 
creases the total amount of sodium hydroxide and water taken up under 
certain conditions. The data in Table XXIII show that some constituent 
or constituents have decreased in this experiment. Further work would be 
necessary to elucidate the mechanism. 


Swelling and Mercerization 


Most investigators feel that mercerization is caused by a chemical ae- 
tion of the sodium hydroxide on cellulose. Although they are willing to 
consider swelling they feel that this is a secondary process and that chemical 
action is the ultimate cause of mercerization. It has been noted in the 
literature that swelling agents, other than sodium hydroxide, produce ‘‘mer- 
cerization.’’ The literature on this phase of the problem has been only 
partially surveyed, but it appears evident from what has been done that 
sodium hydroxide is not the only ‘‘mercerizing’’ agent. 

When cotton is placed in a solution and swells, the swelling must be 
caused by the volume occupied by the solution taken up. In the ease of 
mercerization the swelling is caused by the volume occupied by the sodium 
hydroxide and the water taken up. Unless the volume of sodium hydroxide 
taken up is negligible the point of maximum swelling cannot occur at the 
point where the maximum amount of water is taken up. The relative 
values of these two swelling components can be judged from Figures 4-7, 
ine., where it will be noted that at the maximum for water the amount of 
caustic taken up, in mols, is about 6% that of the water. 

The fact that the water taken up with the sodium hydroxide goes 
through a maximum and then decreases has been noted by Beadle and 
Stevens,’ Coward and Spencer,’ Neale,* and Pfeffer.” 

Swelling is accompanied by a shrinkage in length and an increase in 
the width of the fibres. Collins and Williams™ found the greatest contrac- 
tion in length up to about 14.5% solution, and the maximum increase in 
diameter at about the same concentration. They place the maximum swell- 
ing at 14.5 to 15%. Willows, Barratt and Parker® place the maximum 
contraction at 13.5% solution. That shrinkage does not increase continu- 
ously with concentration has also been noted by Mercer and by Hiibner and 
Pope.” Birtwell, Clibbens, Geake and Ridge® and Willows, Barratt and 
Parker * report that decreased temperature increases the contraction of the 
fibres. The latter report that the maximum contraction also occurs at a 
lower concentration. Both are in line with increased swelling at lower tem- 
peratures. 

Heuser and Bartunek ™ report that the per cent swelling, as indicated 
by microscopic changes in the width of the fibre, follows in the order 


LiOH > NaOH > KOH > RbOH > CsOH. 


They point out that this order may be related to the hydration of the ions 
and to the maximum conductivity of the solutions. Collins and Williams ” 
had previously pointed out that the maximum swelling at 14.5% NaOH 
was about the maximum specific conductivity at 18° C. Bearing on the 
above order of maximum swelling the data of Birtwell, Clibbens, Geake 
and Ridge* show that sodium hydroxide causes a greater longitudinal 
shrinkage than potassium hydroxide. 
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It has been noted that fibres pretreated with caustic of sufficiently high 
concentration will not give the same values for the dilution series as for the 
concentration series. There are apparently two factors which contribute to 
this situation. Treatment with sufficiently concentrated solutions results in a 
partially reversible change in the physical state of the cellulose. There is, 
however, another factor which has been termed ‘‘ transient swelling.’’ This 
is apparently a momentary or transitory effect which the cellulose undergoes 
when the solution in which the cellulose finds itself is diluted from a suffi- 
ciently high concentration. Evidence for this view has been brought forward 
in some of the work of Neale.* The views of some investigators indicate 
that continually increasing caustic concentration results in a continually in- 
creasing change in the cellulose. Neale’s curve reproduced in Fig. 12 shows 
that washing with saturated brine decreases the apparently increasing change 
which results from treatment at high concentration and subsequent washing 
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Fig. 12. Effect of Pretreatment on the Amount of Sodium Hydroxide 
taken up from 0.5 N Solution (Neale). 


with water. It will be noted that even with saturated brine there is a very 
slight change at higher concentration. Coward and Spencer® found that 
the total amount of water and caustic taken up increases considerably up 
to about 15% solution and then shows only a slight increase thereafter. 
Neale * has shown that the total swollen weight of sheet cellophane and the 
shrinkage of yarn both go through a maximum * and then decrease, whereas 
the ‘‘soda absorption’’ ratio increases as shown in Fig. 12. Neale states: 
‘‘That the soda absorption ratio does not reflect all magnitudes of the 


* The maximum for the shrinkage of yarn occurs at a slightly higher 
concentration than the maximum total swollen weight of cellophane. 
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previous swelling of the cellulose is supported by an observation made on 
scoured yarn treated with 11% (3.1N) caustic soda solution at —10° C. 
In spite of the obviously greater swelling that occurs at this temperature “ 
the soda absorption ratio of the product was ... no higher than that at- 
tainable by treatment at 25° C.’’ Final judgment must await further ex- 
perimental evidence to decide whether the small change which persists on 
washing with saturated brine is due to a specific action of the more highly 
concentrated caustic solutions or to a small transient swelling brought about 
in some way by washing with the brine. It is probable that transient 
swelling partially accounts for the hysteresis claimed by Coward and 
Spencer and the position of the various equilibria which we obtained (see 
Fig. 1). Transient swelling was noticed by Neale from the extension and 
contraction of cellophane;* by Birtwell, Clibbens and Geake“ who found 
that a greater proportion of modified cotton was dissolved by successive 
treatments with 10-N and then 2N sodium hydroxide solution than with 
either solution singly. Collins and Williams* and Willows, Barratt and 
Parker * claim that transient swelling gives a greater longitudinal contrac- 
tion for decreasing concentration than for increasing concentration. There 
is probably the same dual effect here as previously mentioned. 


Considerations on Application of Donnan Theory of 
Membrane Equilibria to System Cellulose- 
Sodium Hydroxide- Water 


Neale * * * has applied the simple theory of membrane equilibrium to 
show the effect of sodium hydroxide on cellulose. He has postulated the 
formation of a ‘‘sodium cellulosate,’’ but ‘‘has pointed out that an as- 
sumption of hydroxyl ion adsorption by cellulose would lead to the same 
quantitative expressions as does the salt formation postulate, if Lang- 
muir’s ‘Law of Surface Action’*® regulates the process of adsorption. The 
only essential difference is that the salt theory involves the formation of 
new water molecules, permits of argument by analogy with the sugars, and 
indicates that large energy changes are to be expected.’’* Neale reports, 
in working with cellophane, that only at concentrations below about 1.2 
molal (4.5%) sodium hydroxide ‘‘are the experimental alkali sorptions 
seriously below those caleulated. In these dilute solutions the cellulose is 
comparatively little swollen, and it is probable that a small fraction—about 
one-tenth—of its acid groups are not accessible to alkali. As the gel swells 
with increasing alkali concentration, we may regard the whole of it as 
becoming accessible and obeying the law of mass action more precisely. 
This accessibility is a much more important factor in the behaviour of 
cotton hairs.’’ 

Neale * determined the heat evolved when sodium hydroxide is taken up 
by viscose rayon (regenerated cellulose), mercerized cotton and native cot- 
ton. He found that at a given concentration the amount of heat developed 
by a unit weight of the various forms of cellulose differed in the above 
named order, viscose having the greatest heat. ‘‘The lower values given 
by cotton may be explained in terms of an ‘accessibility factor’ . . . This 
accessibility factor might be defined as the fraction of the total number of 
reactive groups accessible to a given reagent, or tentatively in the present 
instance as the number of accessible groups in a given form of cellulose to 
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the number in the viscose cellulose. The factor will vary with the amount 
of swelling of the cellulose, and therefore with the alkali concentration.’’ 
Sheppard and Newsome * have considered that the amount of water taken 
up by cellulose and its derivatives is largely conditioned by the ‘‘availabil- 
ity’’ * of the hydroxyl groups of the cellulose material. That cellulose may 
exist in different states is further evident from the observations in the 
literature that the mercerized product is more easily peptized and is more 
reactive in chemical reactions than native cotton. While there is no real 
objection to the terms ‘‘accessibility’’ or ‘‘availability’’ it is felt that the 
differences can be adequately covered by the term ‘‘ physical state of the 
cellulose.’’ * The change in physical state may be interpreted as a change 
in surface. On this basis mercerized cotton has an increased amount of sur- 
face and is therefore capable of adsorbing greater amounts of water, direct 
dyes and caustic soda. This is borne out by the literature on the microscopic 
structure of mercerized and unmercerized cotton. This will be discussed 
in a subsequent section. A preliminary survey of the literature on the 
mechanical maceration of fibres for paper-making indicates that the fibres 
for paper-making have an increased surface brought about by fibrilization. 
In a later paper * Neale has found, by the application of the Vieweg 
change-in-titer method, that these same forms of cellulose take up sodium 
hydroxide from solutions in the same order as his ‘‘ heats of reaction’’ place 
them. Qualitatively we can postulate that the more sodium hydroxide that 
is taken up from a solution by a unit weight of a form of cellulose, the 
greater will be the ‘‘heat of reaction.’’ Vieweg * showed that pretreatment 
with caustic soda increased the amount taken up from caustic solution. The 


‘heats of reaction’’ are therefore interesting but beside the point. If we 
postulate adsorption instead of chemical reaction, Neale’s thermal data 


can justifiably be called ‘‘heats of adsorption.’’ The fact that decreasing 
temperature increases the amount of sodium hydroxide taken up has 
already been noted. If the process is one of adsorption an evolution of 
heat should accompany the taking up. Neale’s thermal data and those of 
Barratt and Lewis“ bring out this point. A chemical action between 
cellulose and sodium hydroxide might also be accompanied by an evolution 
of heat. 

In Neale’s first paper* he states, ‘‘Some preliminary measurements of 
the variation in concentration of the aqueous phase when a system eellu- 
lose sodium hydroxide solution was diluted over the range of 0.9 to 
0.05 molal led to the conclusion that the ionisation constant of this sheet 
cellulose is roughly 2.0 x 10-* at 25° C. This value is not, however, well 
substantiated, and may be regarded for the present as an arbitrary figure 
chosen so as to bring theory into close accord with experiment. The ealeu- 
lations which follow are not much affected by a small change in the value 
of the ionisation constant.’ 

In a later paper ® Neale states, ‘‘It has been shown in the former paper 
of this series [see 8] that the behaviour of cellulose in sodium hydroxide 
solutions of any concentration can be explained on the assumptions that 
alkali is taken up (a) to form a sodium salt according to the law of mass 
action, and (b) without chemical reaction in amount necessary to satisfy 
the Donnan equation of membrane equilibrium. The value 2.0 x 10-“ was 
there rather arbitrarily chosen as the ionisation constant of regenerated 


* Ardern has suggested that the effect of mercerization is to increase the 
surface of the cotton.“ * 
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cellulose, since the adoption of this figure placed the caleulated maximum of 
osmotic pressure at roughly the same alkali concentration as the observed 
maximum of swelling. The present paper helps to demonstrate the reality 
of such a constant, and fixes its value more precisely. 

‘*The earlier measurements over the technically important range of 
alkali concentration were not suitable for an accurate evaluation of the 
acidie constant of cellulose, since on the one hand the properties of the con- 
centrated alkali solutions themselves are not yet well defined, and on the 
other hand the chemically combined alkali on which calculation must be 
based is a comparatively small fraction of the total absorbed amount de- 
termined by experiment. A more accurate estimate of the ionisation con- 
stant of cellulose is now made by confining observations to dilute solutions 
of sodium hydroxide—below 0.5 molal or 2%—on which precise thermo- 
dynamic measurements have already been made by other workers. The 
value 1.84 X 10-* at 25° C. is obtained for the ionisation constant of the 
regenerated cellulose used, but the adoption of this in place of the rough 
figure assumed in the previous paper is without serious effect on the quanti- 
tative relations discussed therein.’’ It has been pointed out previously 
that Neale reported in his first paper that concentrations below about 1.2 
molal (4.5%) did not agree with his calculations. For these low figures he 
introduced the concept of an ‘ ‘accessibility factor.’’ 

Neale has derived his equation on the assumption that cellulose ‘‘ion- 
izes’? and forms a ‘‘sodium ecellulosate’’ with sodium hydroxide. As his 
data fit the equation he considers that this ‘‘helps to demonstrate the 
reality of such a constant.’’ Neale’s whole viewpoint is proved only if the 
equations can be deduced on no other assumption than the one used. Don- 
nan * has discussed this point in connection with Loeb’s work on gelatin. 
‘*Loeb has shown that the simple theory of membrane equilibria is capable 
of accounting fairly quantitatively for a great many of his experimental 
results, and regards this as a proof that the phenomena exhibited by the 
protein ampholytes are due to simple chemical reactions and not to the 
adsorption of ions by colloid aggregates or micelles. While this view may 
be correct in many instances, it is necessary to remember that the theory of 
membrane equilibria depends simply on two assumptions: 


a. The existence of equilibrium 

b. The existence of certain constraints which restrict the 
free diffusion of one or more electrically charged or 
ionised constituents 


and that the equations which result from the theory will hold equally well 
whether we have to deal with ‘colloid units’ which have acquired an ionic 
character (electrical charge) by adsorption of ions, or with simple mole- 
cules which have become ionized by the loss or gain of electrons. All that 
is necessary for the theory is that the simple ionized molecules or the ionic 
micelles be subject to the same constraint, namely inability to diffuse freely 
through the membrane. This constraint then imposes a restraint on the equal 
distribution on both sides of the membrane of other otherwise freely dif- 
fusible ions, thus giving rise to the concentration, osmotic, and electrical 
effects with which the theory deals. . . . The adsorption of certain ions on 
the surface of a solid wall would provide an equally effective constraint, and 
the ‘binding’ of these ions would impose a restraint on the free diffusion 
and mobility of an electrically equivalent amount of oppositely charged ions. 
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In fact, J. A. Wilson and W. H. Wilson“ have considered ionic adsorption 
equilibria from this point of view. 

‘*H. R. Procter * and his collaborators have used the theory of mem- 
brane equilibria to account for the effect of acids and salts on the swelling 
of gelatine. The gelatine jelly is regarded by Procter as an elastic strue- 
tural network of gelatine molecules into which molecules of water, acid, ete. 
can diffuse. The hydrogen ions of the acid react chemically with the gela- 
tin molecules which thereby become ionized. Although there is no mem- 
brane, the necessary condition of constraint is provided by the inability of 
the gelatine ions to leave the structural network owing to the forces of 
cohesion which hold it together. This imposes a restraint on the free dif- 
fusibility of an equivalent amount of the anions of the acid, and as a re- 
sult there is produced an unequal distribution of hydrogen ions and anions 
of the acid between the gelatine jelly phase and the surrounding aqueous 
solution, and an increase of the osmotic pressure of the jelly solution against 
this external solution (although the gelatine molecules and ions of the 
structural net-work make no contribution thereto). On the basis of this 
theory Procter and Wilson have been able to account quantitatively for the 
remarkable effect of acids in low concentrations in first increasing and then 
diminishing the swelling of the gelatine jelly. ... 

‘*Tt may be remarked that Tolman and Stearn” have worked out an 
alternative theory of these swelling effects, on the assumption of electrical 
repulsions caused by the formation of electrical double layers due to ad- 
sorption of ions at the interfaces of a very fine two-phase structure. 

‘*A decision on these matters must await the complete elucidation of 
the internal physical structure and equilibrium of such jellies, though it 
may be said that a good deal of modern work lends support to the view 
taken by Procter. An adsorption of hydrogen ions by colloidal aggregates 
or micelles (constituting the units of the ‘molecular’ network) would lead 
to the same constraint condition and the same general equations as the 
ionization of the amphoteric protein molecules assumed by Procter. The 
difference between these two points of view may not be very great, since 
the hydrogen ions may be ‘bound’ in one case by primary and in the other 
case by secondary chemical forces (valencies). The researches of I. Lang- 
muir on adsorption have thrown a great deal of light on this point.’’ 

We see that the mere postulation of the cellulose as an ionizable sub- 
stance is not proof of compound formation. Collins and Williams*™ regard 
the fact that cellulose has an electrical charge in water as proof that cellu- 
lose is ionized as an acid. While this may be true it is only proof if no 
other theory fits the facts. If we postulate that the cellulose adsorbs a 
charge we have another theory which fits the facts. 


Microscopic Observations on Swelling 


It has been pointed out already that microscopic observations have been 
made in connection with the swelling of the fibres in alkali solution. While 
somewhat out of the scope of the present investigations it is felt that some 
consideration should be given to the microscopy of the fibre after treatment. 
The literature on this phase of the general problem has not been completely 
reviewed. 

Clibbens * in his review of the literature has distinguished two types of 
physical change when cotton is treated with caustic soda. These two types 





Action of Sodium Hydroxide on Cellulose 173 


are conditioned on whether the fibres have been mercerized loose or under 
tension. If mercerized loose, the fibres lose their flat, ribbon-like form, 
swell and appear rounder. The broad distinct lumen of the unmercerized 
cotton hair is smaller and is often of varying width. The convolutions of 
the native cotton disappear. Cross sections are oval and the lumen appears 
as a narrow slit. If the cotton has been mercerized under tension the hairs 
appear perfectly cylindrical and smooth. The lumen is so much smaller 
that in places it can be no longer distinguished or is only a fine line. Cross 
sections are almost accurately circular and the lumen usually appears as a 
central point. In addition to these differences the fibre mercerized under 
tension has acquired an increased luster. The cause of luster has been dis- 
cussed by Clibbens and by Adderley.” 

The cotton hairs ‘fare always covered with a membrane known as the 
cuticle. This is composed of cutin, a substance related to the suberin of 
cork, and like the latter, is impervious to water. Usually the membrane is 
structureless, rarely laminated, but often is wrinkled or striated on the 
outer surface. This cuticle is of technical importance in that certain prop- 
erties of the fibres, notably the luster, are due to this formation. Later we 
shall see that the process of mercerization of cotton consists in part of the 
removal of the cuticle, thus increasing the luster of the fibre.’?’""* Judging 
from Clibbens’ review of the literature the subject of the cuticle is not the 
closed problem that one would expect from the above statement. The litera- 
ture should be surveyed and possibly some experimental work done so that a 
clearer picture of this matter may be presented. It might also be possible 
to apply the work of Ritter ™ ™ on the dissection of wood pulp fibre to the 
problem. Van Iterson* has done some work on the microscopy of the cell- 
wall layers of cotton. 


Increased Adsorption by Pretreated Product 


It is best to discuss the increased adsorption by the caustic pretreated 
product under three headings. These are dyes, water and the amount of 
sodium hydroxide taken up. 

So far little recent data on the comparative taking up of dyes by mer- 
cerized and unmercerized cotton have been located in the literature. No 
work has been found other than on basic and direct dyes. Hiibner and 
Pope © report that mercerization is accompanied by no change in the affinity 
of cotton for basic dyes, such as methylene blue. Clibbens and Geake™ 
have found that there is no marked increase in the amount of methylene 
blue taken up after mercerization. Basic dyes are not adsorbed by cotton 
to any appreciable extent unless the fibres are mordanted. Apparently the 
investigators did not use a mordant so that it is not surprising that they 
report no marked increase in the affinity of mercerized cotton for basic dyes. 
It would be illuminating to find out what would be the comparative effect 
of mordanting the fibres when dyeing with basic dyes. 

Hiibner and Pope™ took skeins of yarn and dyed them with direct 
dyes. They then matched the yarns and found that the pretreated cotton 
gave a deeper color; from their results they concluded that mercerization 
with caustic soda resulted in an increased affinity of the fibre for direct dyes. 
Knecht * found, when he treated cotton with caustic soda and subsequently 
washed the cotton with water, that the mercerized cotton took up more 
benzopurpurin. His technique was to treat the wetted yarn under tension 
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with various concentrations of caustic soda. The samples were subsequently 
washed and dried. Then he dyed the samples in a bath containing dye, 
sodium carbonate, sodium chloride and water. His data are plotted in Fig. 
13. It will be noted that the curve is not unlike the curve of Neale (Fig. 12) 
for the ‘‘absorption ratio’’ of the caustie pretreated samples subsequently 
washed in water. The initial portion of both curves rises slowly, then be- 
comes steeper, and finally tends toward an asymptotic curve. It would be 
instructive, in relation to ‘‘transient swelling,’’ to know whether there 
would be any change in the slope of the second portion of the curve if the 
samples were washed in saturated brine after the caustic treatment and 
then dyed. There should be a change. Knecht™ investigated the effect of 
mercerizing with and without tension in a mercerizing bath of 22.5% caustic 
soda upon the adsorption of the direct dye benzopurpurin. By dyeing un- 
mercerized cotton and the two types of mercerized cotton he obtained the 
following data. 


TABLE XXIV 


% Benzopurpurin taken ur 


Unmereerized cotton 1.55 1.50 
Cotton mercerized with tension 2.90 2.86 
Cotton mercerized without tension 3.39 3.54 


It is evident that mercerized cotton takes up more dye than the un- 
mercerized and that the sample mercerized without tension takes up more 
dye than the one mercerized with tension. In view of the discussion on swell- 
ing it is not surprising that the samples fall in the above order. The 
various degrees of swelling may be considered as changing the physical 
state of the fibre. Viewed from this approach the sample mercerized with- 
out tension was more swollen, had a greater adsorptive surface, and hence 
took up more dye than the other sample. 

Knecht * has obtained data which are interesting in that they show the 
effect of mercerization and of drying. The data for different initial con- 
centrations are given in Tables XXV and XXVI. 


TABLE XXV 


% Benzopurpurin % Chryso- 
taken up phenin 
taken up 


Yarn mercerized without tension in 16.5% 

NaOH and dyed without drying 3. 0.96 
Yarn mercerized without tension in 16.5% 

NaOH and air-dried before dyeing .... 3.0: 0.92 
Yarn mercerized without tension in 16.5% 

NaOH and dried one hour at 110° C. be- 

fore dyeing “ 0.84 
Unmercerized yarn 0.58 
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TABLE XXVI 





% Benzopurpurin % Chryso- 
taken up phenin 
taken up 
Yarn mercerized without tension in 22.5% 
NaOH and dyed without drying ...... 2.49 0.97 
Yarn mercerized without tension in 22.5% 
NaOH and air-dried before dyeing ... 1.57 0.77 
Yarn mercerized without tension in 22.5% 
NaOH and dried one hour at 110° C. be- 
Se ct lpaetreni st eraerememaeesvarnurgryrgsr 1.27 0.54 
WMHIGROOTINGG WARN 6 o.5. 6 asec cee coco 0.80 0.31 


These data bring out the increased adsorption by the mercerized cot- 
ton and also the effect of drying on the amount of dye taken up. The 
latter will be discussed later. 

Mercerized cotton takes up more water at a given humidity and more 
when immersed in the liquid. Coward and Spencer * have investigated the 
effect of caustic pretreatment on the amount of water taken up when 
samples of pretreated cotton were immersed in water and then centrifuged. 
‘Tn order to discover the amount of any permanent change in water ab- 
sorbing power of cotton, due to treatment with mercerising liquids, the 
samples of cotton fibre which had been used for the experiments on ab- 
sorption . . . were washed in water, made neutral with very dilute acid, 
and then thoroughly washed in running water for an hour. They were 
centrifuged and weighed to determine the water absorption.’’ Their data 
show that the water increases slowly at first, then rises rapidly to about 
14% solution, and, finally rises more slowly to an asymptote. Thus the 
curve resembles in general that of Neale (Fig. 12) and that of Knecht 
(Fig. 13). Urquhart and Williams ™ have found that the mercerized prod- 
uct adsorbs more water at a given humidity than untreated cottons. 
Equilibrium was obtained as a rule more quickly in adsorption and in de- 
sorption less quickly with mercerized cotton than with native cotton. Urqu- 
hart™ reports that tension reduces the amount of water taken up; the 
effect is less, the greater the concentration of the sodium hydroxide solution. 
This is what we should expect if we postulate that, other things being 
equal, the greater the swelling the greater the adsorption surface will be. 

The amount of sodium hydroxide taken up by the mercerized cotton is 
greater than that taken up by the unmercerized cotton. This has been sug- 
gested as a test for mercerization by Vieweg* and has been studied to a 
considerable extent by Neale.* Rumbold™ has found that pretreated cot- 
ton takes up more sodium hydroxide than unmercerized cotton. He deduced 
from his data that because of constant composition definite compounds were 
formed in mass at about 7.5% caustic solution. Neale“ has repeated Rum- 
bold’s work and finds no break in the curves which would indicate constant 
composition or no part of the curves which would correspond to the forma- 
tion of any definite compounds in mass. Our results, given in Fig. 1, eon- 
firm Neale’s data. Rumbold only allowed a few minutes to reach equilibrium 
so that it may be that this was not sufficient time. This has not been 
checked, and while the other investigators did not use the same proportion 
of cellulose to solution as Rumbold, it will be noted from Fig. 1 that the 
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native cotton curve does change slope in this region. It would be neces- 
sary to make a further investigation, at least on the effect of time, 
before any definite statement could be made on the cause of why Rum- 
bold’s curves have a portion of constant composition. What can be said is 
that Rumbold’s deduction of constant composition as a proof of compound 
formation in mass is a misapplication of the phase rule. 


Benzopurpurin taken up 
per 100 g. Cotton 


Percent NaOH for Pretreatment 


Fic. 13. Effect of Pretreatment on the Amount of Dye taken up (Knecht). 


Neale“ using the change-in-titer method obtained smooth curves for 
pretreated, air-dried cotton. We have checked this. We also found that 
double pretreatment had no effect on the amount taken up as compared to 
a single pretreatment (cf. Fig. 1 and Table XI). Neale* has worked out 
a method for comparing the effect of previous treatment. This method 
gives what he calls the ‘‘absorption ratio’’ and is simply the ratio of the 
amount of sodium hydroxide taken up from N/2 NaOH solution compared 
to the amount taken up by native cotton. He finds that swelling in 11% 
solution at —10° C. results in approximately the same ‘‘absorption ratio’’ 
as for swelling at 4+ 259 C. He concludes that since the cotton swells much 
more in the same concentration at a lower temperature, the ‘‘ absorption 
ratio’’ is not sensitive to all changes of the cellulose. He found further 
that at all concentrations above about 20%, the ‘‘absorption ratio’’ was 
slightly higher when washing with water than when washing with brine. 
This has already been discussed in relation to transient swelling. The data 
are given in Fig. 12. 


Tensile Strength of Mercerized Product 


The answer to the question as to whether mercerization produces in- 
creased strength appears to be the ambiguous one ‘‘Yes and no; it all 
depends.’’ This ambiguity may be only an apparent one but sufficient data 
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are not at hand to draw definite conclusions. The situation appears to be 
that single fibres undergo a loss in tensile strength and that yarns undergo 
an inerease in strength. This refers to total breaking strength and not 
breaking strength per unit cross-section. Nobody knows whether the mer- 
cerized fibre is weaker or stronger than the original fibre if strength is ex- 
pressed as the engineer expresses it. The tension applied and the moisture 
content are apparently factors. Greenwood’s data ™ would tend to show that 
mereerization results in a decreased strength for single fibres. The fibres 
mercerized without tension have a slightly higher strength than those with 
tension. In fact in one set of data for fibres mercerized without tension the 
strength is higher than for untreated fibres. Barratt™ has found that 
scoured Egyptian cotton undergoes about a 7% loss in the strength of single 
fibres after mercerization without tension in 20% caustic soda solution. The 
unmereerized fibres had a 7.4% extension at the breaking point, whereas 
the fibres mercerized without tension had an extension of 12.2%. It has 
already been pointed out that mercerized cotton has a higher moisture con- 
tent than unmercerized cotton; this should tend to increase the plasticity 
of the cotton and hence the extensibility. There is another possible factor 
in the shrinkage in length during mercerization which should be more evi- 
dent when the cotton is mercerized without tension. 

Hiibner and Pope® report an increase in the breaking load of mer- 
cerized yarn. This amounted to a 26% increase in strength over the 
scoured yarn when the yarn was mercerized for 24 hours in 31% solution. 
They obtained the same result if the fibres were allowed to stand in the 
alkali for six days. Greenwood ™ has found that yarn mercerized in the 
grey has an increased breaking strength. This holds also for the merceriza- 
tion of bleached yarn. Hiibner and Pope* have pointed out that twist is 
an important factor in the strength of yarn. Gulati and Turner™ have 
made an investigation of the effect of twist on the strength and their curves 
show that the higher the number of twists the greater the percentage of 
broken fibres and the higher the strength. Prof. W. K. Lewis™ states that 
yarn immersed in water has a higher strength than in the air and that the 
strength decreases in alcoholic solutions. This he thinks is due to the fact 
that the fibres are plasticized by the water, become more extensible and 
hence at the break, a larger number of fibres are broken simultaneously and 
the strength of the yarn is higher. Gulati and Turner’s findings, in rela- 
tion to percentage of broken fibres and strength, tend to bear out his con- 
tention with regard to the distribution of the load. Since mercerized cotton 
takes up more moisture at a given humidity than native cotton, and be- 
cause of the fact that tests are carried out at constant humidity, it may 
be that the increased strength of mercerized cotton yarn is due to the in- 
creased plasticity of the fibres and distribution of the load as discussed 
above. In this connection it would be of interest to study the strength of 
mercerized and unmercerized yarns at constant moisture content. Prof. 
Schwarz informs us that as far as he knows a direct study of this has not 
been made. 


Partial Reversibility of the Pretreatment 


It is possible to take a sample of air-dry mercerized cotton and partially 
reverse the effect of mercerization so that the sample will take up an 
amount of dye, water, or caustic soda, intermediate between that of the 
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mercerized and the native fibre. Knecht has found that the fibre will 
take up less dye if it has been dried for one hour at 110° C. before dyeing. 
That this cannot be due entirely to the high temperature is shown by the 
fact that he found that if the yarn was dyed without drying it would take 
up more dye than if it was allowed to air-dry before dyeing. These data 
are shown in Tables XXV and XXVI. Im another series of experiments 
Knecht ® has investigated the effect of drying by heat upon the adsorption 
of benzopurpurin. He took two skeins of yarn mercerized in 20% caustic 
soda solution and subsequently washed the samples. One of the samples 
was dried for an hour at 100 to 110° C.; the other sample was allowed to 
remain wet. Both were dyed simultaneously for 15 minutes in the same 
boiling bath of benzopurpurin. The data are given below. 


TaBLE XXVII 


% Benzopurpurin 
taken up 


Yarn mercerized, dried by heat and dyed 
Yarn mercerized, undried and dyed 


Coward and Spencer have centrifuged excess water from pretreated 
samples. Their data show that eight hours drying at 110° C. almost com- 
pletely reverses the pretreatment except for 40 to 50% solution. Two hours 
drying had less effect than eight hours. Neale“ reports that the greater 
the increase in amount of sodium hydroxide taken up from N/2 solution, 
the greater the corresponding decrease on heating at 110° C. We have found 
that drying at 105° C. decreases the amount of sodium hydroxide taken up 
from dilute solutions by pretreated air-dried cotton (ef. Fig. 1 and Table 
XII). 
Transient swelling, the change in microscopic structure as indicated 
by cross sections and the partial reversibility on drying, may be ascribed 
to a change in the physical state of the fibres brought about by swelling or 
shrinkage. 

Neale * takes the stand that, ‘‘ Drying the material, particularly at high 
temperature, where, as Urquhart has suggested,” the amplitude of thermal 
vibration of the hydroxyl groups is greater, leads to the formation of new 
secondary links and the reactivity falls.’?** While we do not usually think 
of sintering in the case of cellulose it is possible to explain the change 
which takes place on this assumption, as we know that adsorption by a 
colloid decreases because of sintering. 


Pretreated Product More Easily Peptized 


Wickelhaus and Vieweg™ and Piest ® have shown that nitration prod- 
ucts made from mercerized cotton are more soluble in ether-aleohol than 
products of the same nitrogen content made from native cotton. Clibbens™ 
states that the mercerized cotton dissolves more easily in cuprammonium and 
in zine chloride solutions than does native cotton. 
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Increased Chemical Reactivity of Pretreated Product 


Schwalbe ™® ™ has done considerable work which shows that mercerized 
cotton has an increased hydrolysis number. Prud’homme™ has apparently 
found that mercerized cellulose shows an increased oxidation. Wickelhaus 
and Vieweg™ and Vieweg? report that mercerized cellulose shows an in- 
creased yield on benzoylation. 


Effect of Swelling Agents other than Alkalis 


Sellars and Vilbrandt™ report ‘‘mercerization’’ with sulphuric acid. 
Neale * has found that cotton pretreated with sulphuric acid shows an in- 
creased amount of sodium hydroxide taken up from an N/2 solution; the 
cotton treated loose takes up more than that treated with no shrinkage. 

Budnibov ™ reports ‘‘mercerization’’ with nitric acid. 

Neale“ has found that cotton pretreated with zine chloride takes up 
more sodium hydroxide from an N/2 solution than native cotton; the cotton 
pretreated loose takes up more sodium hydroxide than that pretreated with 
no shrinkage. Neale has also found that cuprammonium solution produces 
great swelling but does not result in an increased amount of sodium hy- 
droxide being taken up from N/2 solution. Neale makes no attempt to ex- 
plain the result with cuprammonium solution merely stating that, ‘‘ As far 
as may be judged from visual observation, great swelling in the reagent 
seems to bring about high activity of the product, but cuprammonium hy- 
droxide is an exception, for very great swelling in this reagent yields a 
product of comparatively low activity.’’ Herzog” gives photomicrographs 
which show that fibres swollen in cuprammonium solution are quite peculiar 
in their swollen appearance. There is an uneven swelling throughout the 
length of the fibres which causes them to resemble a string of uneven beads 
or of distorted frankfurters. As far as we know this type of swelling is 
peculiar to cuprammonium solution. Hanausek-Winton™® state, ‘‘Cupram- 
monia swells the walls with the formation of a blue color and eventually 
dissolves it, while the cuticle, which is insoluble in this solution, breaks up 
into wrinkled rings, short tubes, or spiral bands, which form constrictions 
in the swollen wall, giving it the appearance of being tied at intervals like 
the links of a string of sausage. ... The cuticle may also break up into 
irregular shreds. The inner layer of the wall not only does not swell but 
resists longest the solvent action of the reagent, forming, after the outer 
layers have disappeared, a narrow tube often with diagonal and spiral mark- 
ings; at length, however, this is reduced to a coil of delicate threads and 
finally goes into solution, leaving only the fragments of the cuticle undis- 
solved. It should be noted in this connection that these phenomena are con- 
siderably modified by the differences in the concentration of the solution, and 
that the different varieties of cotton deport themselves differently. A strong, 
freshly prepared solution almost immediately converts the fibre into a form- 
less mass.’’ A microscopic study of the swelling in various reagents, with 
special attention to what happens to the cuticle and to the central lumen, 
might give a further insight into the mechanism of mercerization. 

Collins ® has published a summary of the literature on the swelling of 
eotton cellulose. 
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Results Summarized 


The experimental work on the present problem is incom- 
plete, nevertheless certain results have been accomplished : 


1. The correlation of the present work with the literature 
and uncertain points needing more data have been pointed out. 

2. The use of sodium chloride—sodium hydroxide solutions 
to determine the total sodium hydroxide taken up by the change- 
in-titer method were unsuccessful. 

3. A simple equation has been deduced by means of which 
the Vieweg change-in-titer data can be calculated from total 
adsorption data. It has been shown that the constant composition 
part of the curves obtained by the Vieweg method is the result 
of a balance between increased caustic and decreased water taken 
up. 

4. It has been proved that a compound of the composition 
(C,H,,0;)..NaOH, which Vieweg and others claim to be formed 
in mass, is non-existent and therefore cannot be the cause of 
mercerization. 

5. No experimental evidence has been found to justify the 
formation of the compounds which Rumbold contends are 
formed. This is in agreement with the work of Neale. 

6. There is no proof that mercerization is caused by the 
formation of any definite compound in mass as some investi- 
gators claim. 

7. Certain investigators have used analogy and inference to 
prove compound formation. There are many indications that 
mercerization produces a physically changed fibre which takes up 
more sodium hydroxide, dye, ete., from solution than the native 
fibre. Therefore, it is felt that, until we have definite proof of 
chemical combination between sodium hydroxide and cellulose, 
it should be considered a process of adsorption. . 

8. Cellulose may exist in different physical states depending 
on the previous history of the cellulose. This may be interpreted 
to mean that mercerization results in an increased adsorption 
surface of the fibres. 
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Dr. E. H. Killheffer Retires 


Dr. Elvin H. Killheffer, one of the founders of U. S. Institute, and a 
director, vice-president and member of its executive committee since its 
organization, has accepted his physician’s orders and has retired from 
active business, temporarily at least. He has been granted an indefinite 
leave of absence by E. I. du Pont de Nemours & Co., Inc., of whose fine 
chemical division he had been manager. Dr. Killheffer is now recuperating 
at his winter home near Stuart, Fla., and after June 1 will go to his sum- 
mer home near Great Barrington, Mass. He continues his interest in U. S. 
Institute, and also in the A. A. T. C. C., of which he was a charter mem- 
ber and president for several years. He has been elected an honorary 
member of the Synthetic Organic Chemical Manufacturers Association, 
in which he has held various offices since its organization, ‘‘in recognition 
of his long and loyal service to the Association.’’ 


Obituary 


Henry F. Lippitt, prominently identified with the cotton textile in- 
dustry throughout his business life, died at his home in Providence, R. L., 
the last week of December in his 78th year. He was a former U. S. Sen- 
ator, was the oldest living ex-president (1888-89) of the National Asso- 
ciation of Cotton Manufacturers at the time of his death, and a member 
of U. 8S. Institute. 

Thayer P. Gates, superintendent of the finishing department of River- 
side and Dan River Cotton Mills, Danville, Va., died suddenly from a heart 
attack, January 1, in his 54th year. He had been a member of U. S. In- 
stitute since 1931. 





The Sulfonation of Benzoic Acid 


Review of Previous Work; Description and 


Results of New Technique 


By JOHN S. REESE IV* | 


‘“The new technique worked out by Dr. Reese represents a 
great improvement on that which he had previously used 
in studying the sulphonation of benzoic acid. It has at- 
tained a degree of accuracy which has enabled him to 
state with confidence the speed of formation of m-sulfo- 
benzoic acid under various conditions and to calculate the 
temperature coefficient. It has also enabled him to dis- 
cover the major sources of inaccuracy in his earlier ex- 
periments, and thus to modify the conclusions which he 
had previously derived from those experiments.’’ 
Dr. ArTHuR LapworTH. 


T has been suggested by the author as the result of a previous 
investigation! that the sulfonation of benzoic acid occurs 
indirectly. The reaction is characterized by the formation of 


intermediate compounds, the initial product being an addition 
compound with sulfuric acid, PhCOOH-H.SO,, followed by 
a condensation to yield benzoyl sulfuric acid. This compound 
readily rearranges to o-sulfo-benzoic acid which in turn iso- 
merizes to the m-sulfo-benzoie acid. Evidence for this scheme 
of reaction has been gathered from various experimental ob- 
servations. Of prime importance is the fact that o-sulfo-ben- 
zoic acid rearranges readily under reaction conditions to the 
meta-isomer and that this change is greatly accelerated by the 
presence of mercuric sulfate. But in the sulfonation of benzoic 
acid the presence of mercuric sulfate decreases the extent of 
ortho-substitution even though it has no effect on the reaction 
velocity. Also the more incomplete the reaction, the greater 
is the proportion of the ortho-isomer. In addition it should be 
mentioned that Elliott, Kleist, Wilkins and Webb? have found 

* Senior Fellow of The Textile Foundation working under the direc- 
tion of Dr, Arthur Lapworth, professor of chemistry, The Victoria Uni- 


versity of Manchester (England). Now at Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 
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that benzoyl sulfuric acid at 100° will rearrange to a product 
consisting mainly of o- and not m-sulfo-benzoie acid. 

Now, precise as this evidence appears, the remaining points 
are of a far less unequivocal nature. Thus the loss of benzoic 
acid, though far in excess of a possible experimental error, de- 
creases proportionally as the reaction becomes more incomplete. 
It was supposed that this loss represented unchanged benzoy! 
sulfurie acid. Of a similar nature was the curve obtained by 
plotting the natural logarithm of the unreacted benzoic acid 
against the time. Being composed of two parts of decidedly 
different slopes joined at about 80% sulfonation, it was taken 
to indicate the existence of two consecutive reactions. But it 
was deemed important to gather more data with respect to 
these points. For this purpose a series of sulfonations under 
various conditions was carried out by which it was hoped to 
explain conclusively the loss of benzoic acid by isolating the 
benzoyl sulfurie acid. It was also expected to confirm definitely 
the break in the logarithmic curve. Furthermore, if the o-sulfo- 
benzoic acid was a necessary intermediate compound in the 
formation of its meta-isomer, large proportions of it might be 
obtainable if the proper conditions were found. 


Experimental Results 


Sulfonations of various degrees of completeness were car- 
ried out at 150°, 175°, and 200°, using concentrated sulfuric 
acid. Also by using fuming sulfurie acid (15% SO,) a simi- 
lar study was made possible at room temperature. All of these 
experiments were carried out following essentially the same 
procedure as in the previous work except for the manner of 
mixing the reactants and several other details. The principal 
innovation was the use of a simple apparatus whereby the 
sulfurie acid, previously brought to the desired temperature, 
was blown into a flask containing the benzoic acid also at the 
reaction temperature (see diagram). In this way no more 
than five seconds were required to mix the reactants. At the 
conclusion of reaction period, the reactants were similarly re- 
moved by blowing them directly into about a liter of cold water. 
This technique removed very largely the time error introduced 
in the earlier method while reactants were being brought to 
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the desired temperature and accounts probably for the much 
faster rates observed in the present study. The elimination of 
this time error was particularly desirable for the short periods 
required in the study of incomplete stages of sulfonation. For 
the sulfonations at room temperature the sulfuric acid was 
merely added to the benzoic acid since the latter was dissolved 
almost immediately and two hours was the shortest reaction 
period required. 


TABLE OF EXPERIMENTAL RESULTS 
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Experiments B 1 and D 4 were discontinued because 
of accidental loss of product. It is to be noted that the 
ten minute sulfonation at 150° was discontinued as unre- 
liable on account of the technique being undeveloped. 
The 24 hr. experiment at 20° was discontinued also be- 
cause of an accidental loss of material. The weight of 
CHCl,-soluble residue is corrected by 0.05 gr. for the 
solubility of the m-hydroxy-benzoic acid in CHCl). 


With respect to the tabulated data it is readily seen that 
the loss of benzoic acid never exceeds that of a possible experi- 
mental error. Though these figures fail to confirm those of the 
previous study, they must be accepted as the more reliable and 
it must be concluded therefore that the benzoyl sulfuric acid 
if formed at all, is rearranged almost immediately. Even at 
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room temperature where the rearrangement would probably 
be slowest, all but a negligible portion of the benzoic acid was 
accounted for. Turning to the CHCl,-soluble residue, it is in 
every case too small to permit of an exact estimation of the 
extent of ortho-substitution. Though it was to be expected in 
larger relative amounts at incomplete stages and especially at 
the lower temperature where slow isomerization should occur, 
no positive proof of the occurrence of o-sulfo-benzoic acid was 
obtained from room temperature sulfonations. Only at 200° 
can it be said with confidence that ortho-substitution takes 
place. From the figures presented it is seen that more of the 
ortho-isomer occurs at the incomplete stages which is consistent 
with the view that some, at least, of the m-sulfonie acid pro- 
duced at 200° arises by isomeric change of the o-sulfonic acid. 

When the logarithmic curves for the preceding data are 
plotted, straight lines are obtained, the break being observed 
only above 90% sulfonation. Since the possible experimental 
error is greatly magnified in this region, no significance can be 
properly attached to this part of the plot. This result together 
with the inappreciable amounts of ortho-substitution lead the 
author to modify his previous conclusions. Briefly, it now 
appears that though the reaction scheme involving the inter- 
mediate formation of both the benzoy] sulfuric acid and o-sulfo- 
benzoic acid may well occur, such a mechanism in all proba- 
bility accounts for only a part of the product. Were it not 
so, it seems unlikely that at incomplete stages, neither of the 
intermediates would fail to be present in appreciable amounts. 
Yet the question is by no means closed-for it is possible that 
the velocity coefficients of the rearrangements of the intermedi- 
ates is greater than those of.their formation. Indeed the ab- 
sence of increased amounts of ortho-substitution at lower tem- 
peratures may be caused by a higher temperature coefficient 
of formation than of rearrangement. Generally therefore in 
view of the present investigation it is impossible to consider the 
sulfonation of benzoic acid in so simple a fashion as heretofore. 


Experimental Procedure 
The experimental procedure throughout was similar to that 
used in the previous investigation, except where advisable 
alterations were introduced. The reactions were carried out 
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in 150 ee. flasks placed in a well stirred oil bath maintained at 
the desired temperature by an immersed electric heating unit. 
In all the experiments except A 1, A 2, B 4, and B 5, the unre- 
acted benzoic acid was recovered by extraction with ether of 
the diluted reaction mixture before precipitation of barium 
sulfate. In series C and E and in experiment B 1, the re- 
actants were mixed by blowing the preheated sulfuric acid into 
flask containing benzoie acid. In all other experiments, the 
benzoic acid was allowed first to dissolve in the sulfuric acid, 
the flask containing the reactants then being immersed in the 
oil bath for the desired time. In series D where fuming sul- 
furie acid was used, the benzoic acid dissolved almost immedi- 
ately and the reactants were merely allowed to stand for the 
desired period whereupon they were poured into a liter of 
water. In series C no extraction with CHCl, of the hydroxy- 
benzoie acids was made since from the melting points and re- 
sults of series B, the possible amount of ortho-substitution was 
obviously negligible. Series D likewise gave indication of a 
negligible amount of ortho-substitution. 

To prevent an admixture of sulfuric acid with the residue 
of unreacted benzoic acid, a different procedure for its recovery 
was followed in series E. In these experiments, the reactants 
after dilution to about 1200 ec. with water, were. extracted 
three times with a total of 300-350 cc. of ether. The benzoic 
acid was then removed from the ether as potassium benzoate 
by extracting it with 1/2 N KOH solution. After acidifying 
the alkaline solution with concentrated hydrochloric acid, the 
benzoic acid was readily extracted with a small amount of ether. 
The ether was then distilled off from the solution held in a 
small weighed flask. 

To explain the method used for the virtual instantaneous 
mixing of the reactants at the reaction temperature, reference 
is made to the appended diagram. The sulfuric acid is brought 
to the desired temperature in flask B whereupon flask A con- 
taining the benzoic acid is put in place. By turning on the air 
blast, the reaction is started and by closing the pinch clamp the 
reaction is stopped, the reactants being blown out of the flask 
A into a beaker of water. Hot water from the dropping funnel 
is then readily run through the system in order to effect com- 
plete removal of the reactants. The two flasks are of about 
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150 ee. capacity and especially made for this purpose from 
pyrex glass. 

The identification of the CHCl,-soluble residue was accom- 
plished by drawing air slowly through the flask containing the 
residue which is heated on a boiling water bath. The o-hy- 
droxy-benzoic acid sublimes and collects in needle-like crystals 
in the exit tube. When these crystals are recovered they give 


Diagram of Apparatus Used for the Sulfonation of Benzoic Acid at 175°. 


in an aqueous solution the characteristic purple coloration of 
the ortho-isomer when treated with ferric chloride. Its melt- 
ing point when mixed with pure o-hydroxy-benzoie acid lay 
between the melting points of the two compounds. 


Summary 

The velocity of sulfonation of benzoic acid at 150°, 175°, 
and 200° has been determined. 

It has been found that benzoic acid may be readily sulfonated 
with fuming sulfuric acid at room temperature and the reaction 
velocity has been determined. 

The formation of o-sulfo-benzoic acid has been confirmed only 
at the higher temperatures. 

No benzoyl sulfuric acid having been isolated, its occurrence 
as an intermediate product can only be inferred. 
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Plans for a Research Institute 


as Formulated in 1930 by the Promoters of 
U. S. Institute 
By C. H. CLARK * 


Preliminary plans that led up to the organization of 
U. S. Institute were presented and discussed at the first 
conference (April 30, 1930) of the original promoters of 
the movement: The Research Conference Committee of 
the American Association of Textile Chemists and Color- 
ists and the Textile Research Council. 

This revised copy of a paper presented to that con- 
ference by C. H. Clark is believed to be an accurate 
summary of the plans and objectives of both promoting 
bodies. It is published as an introduction to future 
articles in this magazine, that are to explain the corporate 
structure and provisions of U. 8S. Institute, for the infor- 
mation of those who are not well acquainted with the 
beginnings and development of the Institute. 


TT’ E word ‘‘research’’ covers about as many diverse lines of effort as 


does the term ‘‘welfare work,’’ and there is real danger that, be- 

cause of a lack of clear definition and because of possible sins of 
omission and commission that may be committed in its name, it may be- 
come as much of a by-word, robbed of its original dignity and meaning, 
as has befallen the term ‘‘welfare work.’’ It is highly important, there- 
fore, that we define clearly the type of research that we are attempting 
to promote. 

First, however, let me draw attention to the fact that the textile 
industry, and particularly its cotton and wool branches, has been making 
substantial progress in one type of research in recent years under the 
guidance and stimulus of its Institutes. I refer to economic research: 
merchandising, costing and style research. Facing a productive capacity 
considerably in excess of any but peak consuming demand for its products 
it has concentrated upon research that seemed most likely to expand demand 
within the shortest possible time. Unfortunately, coincident attempts to 
attain the same objective by restricting production have not been so suc- 
cessful, for the latter movement has been defeated in large part by another 
type of research: management and efficiency, or the so-called ‘‘stretch 
out system.’’ It is doubtful that there is adequate appreciation of the 
extent to which such efforts have increased productive capacity of opera- 
tives, machines and processes. Alert and progressive manufacturers and 
merchants are constantly seeking new products, and new uses for old 
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products, and the Institutes have not only encouraged individual effort 
along these lines, but have engaged in it themselves, thus formally recog- 
nizing that it is a logical field for co-operative effort. 

My purpose in drawing attention to these adventures in economic re- 
search, and in other types of research that have been approached from 
the economic side, is to emphasize the fact that they have tended to make 
the industry more research minded than ever before. Some, it is prob- 
ably true, because of the failure of these efforts materially to improve 
their condition, are minded to have nothing more to do with research of 
any kind, but I believe that the great majority are today more conscious 
than ever before that one of the textile industry’s most vital needs is accu- 
rate scientific knowledge of the facts underlying its materials, machines, 
processes and -operations, and of systematic scientific research for their 
determination. It is true that there exists in various parts of the world 
a considerable amount of such knowledge, but it is so scattered and in 
such form as to be unavailable to the industry generally. The bulk of 
textile knowledge, however, lacks scientific exactness; it is largely the re- 
sult of try-and-reject methods of investigation, and the fundamentals either 
are not known, or have not been tested for their accuracy scientifically. 
There can be no substantial progress in the development of new products, 
or of new uses for old products, without such accurate knowledge. 

I believe that it was President Hoover who stated that ‘‘ Unless pure 
science fills up the reservoirs of basic knowledge, in order that the mental 
equipment of humanity as it exists today can use it, the pace of our de- 
velopment may slow down during the century to come.’’ 

Mercerization, synthetic fibres, vat dyes and certain textile chemicals 
have been the outstanding contributions of pure science to the textile 
industry during the last quarter century. It is difficult to estimate the 
value to the industry of these developments that have provided manu- 
facturers with new products, and new uses and increased sales appeal for 
old products. And if the pace of textile development along these lines 
is not to slow down during the next quarter century the industry must 
encourage pure science to fill up its reservoirs of basic knowledge. 


The Promoted Research Defined 


Now let us attempt more clearly to define the character of research 
that we are attempting to promote. Mention the word ‘‘ecow’’ and, 
mnemonically, we think of milk. Mention pure research and we naturally 
think of laboratory. All cows produce milk, but all technical laboratories 
do not produce pure science. Textile laboratories may be divided into 
three classes, as follows: 1 

1. Those devoted to what is commonly termed testing, or to analytical 
control of raw materials, processes and products. 

2. Those engaged in the improvement of processes and products, or 
in the development of new processes and products. 

3. Those investigating, or searching for, the fundamental facts and 
theories underlying the industry, and engaged in the creation of new 
knowledge in those sciences which affect the industry. 

No mill can afford to be without a well equipped and staffed testing 
and control laboratory. To dignify it by the term ‘‘research laboratory,’’ 
however, is going rather far. Nevertheless, pure science may be practiced 
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in such a laboratory if adequately equipped and directed by the right man. 
I may also state that I have known them to be utilized as very effective 
merchandizing weapons: for instance, the new customer is proudly shown 
each piece of apparatus from electric oven to photo-micrograph with the 
idea of impressing him with the scientific control exercised from raw ma- 
terial to finished product; and the old customer who demands a rebate 
for imperfect goods is given an even more impressive demonstration to 
prove that the mill could not be at fault. But users of textiles who can 
be thus impressed are becoming rarer every day, for the industrial user 
of textiles, as well as many cutters and retailers, have better equipped and 
staffed testing laboratories than the average mill. 

The developmental type of laboratory is not common in the mills, 
but is an essential of every progressive textile machinery and supply plant. 
It may be operated in part on a try-and-reject basis, but properly equipped 
and staffed it may apply the pure research of the scientist. Those hav- 
ing laboratories of this type are best situated to capitalize the funda- 
mental knowledge now available, and that which may be added to the 
reservoir of basic knowledge by the laboratories of the third type listed. 


Why Co-operative Textile Research? 


It is from the pure research laboratories that our modern industrial 
marvels have sprung, and it is by unremitting research that they main- 
tain the pace of their development. It is pure research that is revivi- 
fying the tanning, metallurgical and chemical industries, to mention only 
a few of the older industries. And a steadily increasing number of in 
dustries are engaging in pure research on a co-operative basis. The main 
incentives to textile co-operation in pure research are the following: 
There is an enormous amount of fundamental research to be done in the 
cotton, wool, silk and rayon branches of the textile industry, including 
work in the sciences of physics, chemistry, colloid chemistry, physical 
chemistry, bacteriology, botany, ete., much of which requires laboratories 
of similar equipment and scientists of similar attainments. It cannot 
be predicted in many cases which science will produce a desired re- 
sult, but with many sciences employed on the same problem, and with 
ample opportunity for conference and correlation the desired objective is 
likely to be attained more certainly and quickly. But few textile cor- 
porations are large enough, or rich enough, to feel warranted in under 
taking pure research individually. Even major branches of the indus- 
try, with the possible exception of rayon, have made no important progress 
in starting pure research either individually or as a group. Therefore, if 
the point is reached where a sufficient number of manufacturers are ready 
and anxious to start the organizing and financing of pure research, but 
not to start it for any one branch of the industry, then the plan to be 
adopted should be devised to perform an important service for the whole 
industry at the start, and until each major branch is able to undertake 
the same service for itself. Acting upon the assumption that such a 
plan would be needed to get pure research started upon a co-operative 
basis by the industry, Textile Research Council has worked with that end 
in view; but it believes that the plan has the element of permanency 
whether utilized for the whole industry or for each of its major groups 
eventually, which latter unquestionably is the ideal to be striven for. 
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If there was a textile General Electric Co., or a textile Am. Tel. & 
Tel., or a textile U. S. Steel, there would either be an equal number of 
individually controlled laboratories engaged upon fundamental textile 
research, or one of the first steps of such industrial giants in entering the 
field would have been to head up a co-operative laboratory for such in- 
vestigation. The larger the industrial unit, the more highly specialized 
its field, and the more modern its methods, the greater its interest and 
activity in fundamental and developmental research. The rewards of 
scientific research in such fields, and by such large units, particularly if 
the industries are of recent development, are reasonably certain to be 
prompt and valuable. 

The textile industry as a field for fundamental research is almost 
the direct antithesis of that just described. It is highly diversified even 
in each of its major branches. There have been few basic changes in its 
methods, processes and machines for more than a half century. Its indi- 
vidual units are numerous, comparatively small and widely scattered; 
and because of the enormous amount of fundamental work to be done 
there can be no certainty of immediate or early rewards of great value. 
But every one of these negatives is a positive argument proving that the 
textile industry’s venture in pure research must be along co-operative lines. 
And, because of the present scarcity of developmental laboratories in the 
industry, any co-operative plan of research must give consideration to the 
providing of such facilities for applied research. 


The Proposed Co-operative Plan 


Before I attempt to explain the co-operative plan that we have been 
working upon it should be admitted frankly that it has certain disad- 
vantages, and that certain difficulties will have to be met and overcome 
before we can expect to sell it to any large proportion of the industry. 
The plan has been drawn up, however, to avoid as many of the difficulties 
as possible at the start, and to postpone the necessity of reconciling or 
eliminating its disadvantages until it is working smoothly and has won 
the confidence of a sufficient part of the industry to prevent any minor 
difficulty, or difference of opinion, from jeopardizing the organization. 
Most of the initial difficulties are expected to be of a promotional and 
financial character. Most of the possible disadvantages of a co-operative 
research plan will not be encountered until central laboratories are es- 
tablished, and that will not be soon unless the unexpected happens and a 
large foundation fund becomes available for such a capital asset. 

The officers and members of Textile Research Council have been 
thinking and talking about some method of starting pure and applied 
technical research of a scientific character for the textile industry for 
nearly four years. The research committee of the American Association 
of Textile Chemists and Colorists, many of the members of which com- 
mittee are members of the Textile Research Council, has also been talk- 
ing and thinking along similar lines for an even longer period. We are 
proceeding upon the assumption that one fairly certain way of starting 
research is to give the industry some definite plan or plans to shoot at, 
and we feel confident that there are enough research-minded and co- 
operatively-minded men in the industry who will be glad of the oppor- 
tunity to shoot and shoot fairly. 




















Plans for a Research Institute 193 


Briefly, the plan provides a corporate body with provision for ade- 
quate representation of each branch of the industry, for administration 
and financing, with a self-perpetuating board of trustees for the custody 
and management of a foundation fund. It also suggests as the first 
important work of the corporation the organization and administration 
of a research information service and library. It also recommends as a 
part of the plan that any research work, undertaken during, say, the first 
three years, or until adequate surplus assets are available for the build- 
ing, equipment and maintenance of central laboratories, shall be under 
the direction of competent scientists utilizing existing institutional or 
government laboratories by the fellowship or similar plan. 

To secure the moral and financial support of a sufficient part of the 
industry and its allied interests we realize that we must offer something 
that is likely to be of immediate service and value to a considerable num- 
ber, instead of making our appeal solely upon a research plan that we 
cannot guarantee will be fully operative for several years. Undoubtedly 
a super-salesman or evangelist could sell the latter to the industry even 
in its present depressed condition, but, unfortunately, most of them are 
employed, at more lucrative terms than we could offer, in selling economic 
salvation of various kinds to farmers and manufacturers. 

Instead of expending $100,000.00 for high-power salesmanship we ree- 
ommend the raising, by fees and dues for various classes of membership 
in the corporate body, of a fund of about that amount to be expended 
over a period of three years for the organization and maintenance of the 
research information service and library previously mentioned. Coinci- 
dentally, but separately financed, the services of the corporate body would 
be available for the planning and supervision of researches desired by 
members, and that would be carried out, as previously noted, in existing 
laboratories. While the offer of these services may appeal to many who 
might hesitate to join the movement in a substantial way, if active re- 
search work had to await the financing of a largely endowed foundation, 
yet we are confident that there are large numbers of research-minded 
men in the industry who will not require this promise of immediate reward 
for their co-operation, provided they can be reasonably certain that the 
general plan and organization are right. 


Research Information Service and Library 


I shall not attempt to describe the research information service and 
library plan in detail, but it is not possible to emphasize too much the 
fact that such a reservoir of current and past textile research literature, 
and the machinery for making it available to the industry, is the indis- 
pensable basis of any scientific research work. To undertake to put in 
the footings and foundation of a skyscraper after the steel superstruc- 
ture had been started would be no more illogical than to start scientific 
research without prior provision and search of the literature of the sub- 
ject. 

In the Secretary’s minutes of the meeting of the Council’s executive 
committee November 29, 1927, it is recorded that ‘‘It was the sense of 
the meeting that the first and most important need of a textile research 
program is the creation of a textile research library and central source 
of information.’’ While that was the first formal record of the idea, 
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I know that it was in the minds of all of the founder-members from the 
time of our first gathering; and this was natural, for they were members 
of the Textile Institute (England) primarily to get textile research facts 
published in that organization’s journal and were influenced by the de- 
sire for more textile facts to join the Textile Institute Club. Most of 
these founder-members, and a majority of those who have since become 
members, learned, either by bitter experience as research or laboratory 
workers or as manufacturers or editors, of the great difficulty of locating 
reports of textile researches; and not only of researches, but of technical 
textile literature, current or out of print. Even bibliographies for vari- 
ous branches of the industry are either deficient or non-existent in this 
country. The British textile research associations have provided com- 
mendable bibliographies of current textile literature and researches since 
they started about ten years ago, but their abstracts are not all that 
could be wished, and they fail adequately to cover researches in many 
sciences that might have textile application. The German research or- 
ganizations, as might be expected, are more thorough, but a large part of 
their work is unavailable to those who are not German scholars, because 
of lack of abstracting and of translation into English; and there is much 
other foreign textile research and literature that is similarly unavailable 
in English. 

The proposed plan for a research information service and library 
recognizes the fact that scientific research must be slow, wasteful and 
inefficient, with unavoidable duplication of prior work, when the research- 
ers lack easy access to records of previous and contemporaneous research. 
It also recognizes that lack of intelligent technical abstracting and in- 
terpretation of textile researches is as effectual a barrier to their pos- 
sible application in the art by men lacking scientific training as though 
their publication were prohibited. That is one of the chief reasons why 
so little of practical value has resulted from the numerous important re- 
searches of the British and other foreign textile research associations. 
The demand for research information thus interpreted and made available 
will not be limited by the number of research men in laboratories in the 
industry, but by the number of persons desirous of knowing the why and 
how of things textile. 

The book part of the library plan will necessarily be of slow growth, 
but duplicate indices, bibliography and abstracts of textile research in 
this and foreign countries should be collated as rapidly as possible. These 
would be made available to members on application in the form desired, 
and the records would be available for personal study. New textile re- 
search work and allied published information would be indexed and ab- 
stracted by specialists, and, in addition to a service similar to that of 
Chemical Abstracts, it is possible that regular publication of records and 
abstracts of the more important current researches could be made a fea- 
ture of some of the Trade Press. If not, then undoubtedly it will be 
necessary to make their publication in a quarterly, or possibly a monthly, 
magazine an integral part of the service plan. The most valuable part of 
the service to research men, however, would be frequent mimeographed 
reports on the subjects in which they are interested, and the preparation 
of bibliography, abstracts or photostat copies of research information 
available. 
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The statements that have been made regarding the lack in this coun- 
try of sources of textile fact literature are based in large part upon the 
results of a survey. made in 1928, and that was also designed to show 
what other domestic industries, organizations and institutions engaged 
in scientific research did to provide a similar service. But, without going 
into details, it may be stated that, with a few notable exceptions, such as 
the Engineering Foundation library and the abstract service of the Ameri- 
can Chemical Society, it disclosed little that was helpful, excepting that 
many eminent research authorities emphatically agreed that such a service 
as we proposed should be made the foundation and first step of any per- 
manent co-operative scientific research program. 


Adequate Financing a Vital Need 


Possibly in this very sketchy outline of the research plans that we 
have worked out we are overlooking some rather important details, and 
are failing to give sufficient emphasis to others, but if this proves to be 
the case there will be opportunity later to rectify these shortcomings. 
There is one feature of a pure research program that cannot be too 
strongly emphasized, and that is that it is almost futile, and a waste of 
money, time and effort, to start such a program unless the trial period 
for which it is financed is long enough to give assurance of proving re- 
sultful. Certainly no well managed private concern would undertake 
such an expenditure upon any other basis, and it should require no argu- 
ment to prove that it would be courting failure for a co-operative organi- 
zation not to provide for longtime financing in advance. Most of those 
experienced in industrial co-operative research movements advise against 
starting until a permanent foundation is financed; that is why we pro- 
pose a foundation to be managed by a self-perpetuating board of trustees. 
The British textile industry research associations were financed at their 
start for five year periods, I believe, in part by government funds and in 
part by proportional levies upon the branches of the industry partici- 
pating, and each branch association encountered considerable difficulty in 
raising funds to continue the work for the next five year period; in fact, 
I believe that the research association for the woolen and worsted indus- 
try has not yet completed its second period financing. Whether it is 
scientific, or economic, or other problems whose solving is undertaken by 
the co-operative route it is the height of folly to initiate active work until 
longtime financing is assured. I think that it will be agreed by the 
officials of some of our textile associations and institutes that they might 
be able to serve the industry more efficiently if they could be relieved of 
the work of securing new members and financing. 

We, therefore, recommend that the actual starting of the research 
information service and library plan await its financing for not less than 
a three year period, for which we estimate that at least $30,000.00 a year 
will be required. Probably $10,000.00 more would be needed for promo- 
tional work in the raising of this fund, but, if this promotional work were 
combined with the soliciting of memberships and funds for a corporation 
organized along some such lines as suggested in the tentative by-laws that 
have been drawn up, the percentage charge against the library fund would 
be comparatively small. 
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Support of Associations and Press 


Copies of the tentative by-laws, together with an explanation of cer- 
tain of their most important features, were mailed to invited representa- 
tives of associations prior to this meeting, and, because of lack of time 
at this. session, it must be assumed that advance study of these documents 
has raised certain questions in your minds, and, we hope, suggestions for 
improving amendment, opportunity for the presentation of which will be 
given at our afternoon session. We hope, too, that they will be given 
further study and that we may have the benefit of your advice by mail, 
or at possible future meetings. You will note that each line of every 
Article is numbered sequentially, as in legislative bills, for convenience in 
identifying suggested changes. That should prove convincing evidence 
of our appreciation of their tentativeness. 

The officers and directors of the Council, and the Research Committee 
of the A. A. T. C. C., have been fully appreciative of the fact that they 
could never hope to sell a research plan to the industry without the moral 
endorsement of its leading associations, and have realized that the first 
step would necessarily be along the lines of today’s meeting. We have 
also been fully appreciative of the fact that a co-operative plan of re- 
search for the whole industry should have the moral support of all of the 
associations directly and indirectly identified with the industry whose 
individual members might be benefited thereby; and not only the indus- 
try’s associations, but its Trade Press. In justice to the latter it should 
be stated that the movement could not have advanced as far as it has 
been excepting for their efforts, extending over many years, to awaken 
the industry to the need of technical research, and for the generous pub- 
licity that has been given to research promotional efforts of individuals 
and associations. 

We have stated that in starting an active program of research we 
would advise utilization of existing laboratory facilities and their asso- 
ciated scientists. We desire to emphasize this as being the proper policy 
toward all existing trade activities with which those of a technical re- 
search organization of co-operative character might become competitive. 
The spirit of co-operation, and not of competition, should be extended as 
far as possible, thus minimizing duplication by such an organization of 
services of our trade associations and our Trade Press. 

There must also be proper consideration of the fact that, in the pres- 
ent sub-normal business condition of the industry, our leading associations 
are finding it none too easy to finance their activities. This means that 
in the financing of a co-operative research program there should be studied 
avoidance of drain upon the former’s income. The prevention of such 
competition is partially ensured by the fact that the initial financing of 
the proposed plan requires in three years less than half the money that 
some of the trade’s institutes have raised and expended in a single year for 
special and possibly temporary activities. A study of the proposed corporate 
by-laws, however, will convince anyone that there is automatic provision 
therein for prevention of duplication of present associational activities 
and competition therewith. The corporation’s officers and directors, and, 
to a large extent, its membership, will be fairly representative of each 
major branch of the industry, and unofficially, therefore, of its associa- 
tions, and can be depended upon to avoid action that will interfere with 
the success of existing organizations. 
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I. Fisres (SYNTHETIC AND NATURAL) AND FIBRE 
ANALYSIS 


ASHED FrprES: Microscopy. K. Czapla. Faserforsch., 1932, V. 10, P. 

20-42. 

Fibres of various origins give different ash structures when previously 
impregnated with solutions of salts of the rare earth series, such as thorium 
and cerium nitrates. Wool and acetate rayon are not impregnated by these 
solutions and burn without ash. Jute and hemp do not give characteristic 
structures, but cotton, flax, ramie, nitro, cuprammonium, and viscose rayons, 
and raw, souple, schappe, and bourette silks give characteristic ash struc- 
tures, which are described in a table. A second table gives the characteris- 
tie ashes for fabrics, of the same or different fibres for warp and weft. 
(Copied complete from J. T. I., March, 1933, P. A162.) (S) 


CELLULOSE: COPPER NUMBER oF. K. Atsuki and I. Kagawa. Cellulose 
Ind. (Tokyo), V. 9, P. 88-93; Abstracts, 1933, 11-4. 


The effects of phys. properties, especially size of cellulose upon Cu 
no., have been examined by the methods of Clibbens and Geake (Chem. 
Abs., V. 18, P. 1055) and Sherrard and Davidson (cf. Bray, Chem. Abs., 
V. 23, P. 976). A theoretical relation between Cu no. and the cooking 
time, derived from the formula for the diffusion velocity in the gel struc- 
ture, agrees well with the experimental results. The experiments carried 
out with refined cotton and the same finely cut with scissors show that 
Cu no. increases with simple mechanical treatment. Cu no. of pulp in- 
creases with an increase in heating time, which is considered to be due 
to the increase in the size of sample and that in the diffusion velocity of 
reagent caused on swelling of cellulose; Cu nos. detected by B.’s method 
after 0, 3, 6 and 8 hrs.’ beating were 1.12, 1.16, 1.26 and 1.39, respee- 
tively. If a spherical form of the particles is assumed the relation be- 
tween the size of powdered cellulose acetate and its Cu no. is derived and 
Cu no. caleulated for several fractions of the powder. The similar rela- 
tion between the titer of cellulose acetate silk and its Cu no. has been also 
given on the assumption of the cylindrical form of fibre. Attention must 
be given to the fact that Cu no. of cellulose acetate silk is always lower 
than that of its raw powdered acetate because of the change of physical 
state caused by spinning. (Copied complete from Chem. Abs., 1933, V. 
27, P. 3602.) (W) 
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CELLULOSE: DISPERSION OF, IN THE PREPARATION OF VISCOSE Rayon. I, 
Z. A. Rogovin and M. Schlachover. Cell’chem., 1933, V. 14, P. 17-20. 


Conversion of sulfite cellulose into viscose rayon was studied on a lab. 
scale, step by step, by means of the characteristics of the regenerated 
cellulose. Viscosity in 2% Cu-NH, solution, percentage products sol. in 
8% NaOH, Cu no., hydrolysis no., hydrolysis difference and I no. were 
detd. Marked dispersion occurs in the NaOH solution, evident in the 
decrease in viscosity of the Cu-NH, solution, and an increase in the active 
surface (increase in hydrolysis no.). These two factors change most in 
mercerization and defibering. Pre-ripening causes no further dispersion 
but sulfiding decreases the viscosity while the hydrolysis no. and the I no. 
rise. Dispersion is affected very slightly, or not at all, by ripening, spin- 
ning and subsequent processes. In the dispersion of cellulose, destruc- 
tion (breaking up of micelles in direction of primary valences) and dis- 
socn. (breaking up in direction of secondary valences) probably occur 
simultaneously but to different degrees and in different stages of the vis- 
cose process. (Copied complete from Chem. Abs., 1933, V. 27, P. 4393.) 


(W) 


CELLULOSE: FERMENTATION By BacrTerIA. Y. Tomoda. J. Soc. Chem. 

Ind., Japan, 1932, V. 35, P. 534B—536B. 

A bacterium, thought to belong to a species of Clostridiwm thermocel- 
lum, has been isolated from stable manure. It has the power of rapidly - 
decomposing some forms of cellulose, the forms most easily attacked being 
the natural ones such as cotton wool, hemp fibre, or wood cellulose. Rayon 
is less easily attacked. The author considers that the fermentability of 
cellulosic materials depends upon their microscopical structures rather than 
their colloidal structures. The natural cellulose fibre, being porous and 
spongy, is more easily attacked than the smooth compact artificial fibre 
which the bacteria cannot enter so easily. (Copied complete from J. T. L., 
March, 1933, P. A169.) (S) 


CELLULOSE: PREPARATION FROM CoTTON HuLus. N. Chetverikov. Maslo- 

boino Zhirovie Delo., 1932, V. 2, P. 34-39 (through Chem. Abs., 1932, 

V. 26, P. 6120.) 

Cotton hulls contain 20-30% of fibre and are a valuable source for 
cellulose of high quality. By boiling the hulls for five hours with a 6-7% 
sodium hydroxide solution the author succeeded in separating the fibres 
from the hulls and obtained a pulp of 96.6% cellulose content. (Copied 
complete from J. T. I., March, 1933, P. A136.) (S) 


Corton Hatrs: DEVELOPMENT. V. R. Ayyar and G. 8. Ayyangar. EHm- 

pire Cotton Grow. Rev., 1933, V. 10, P. 21-24. 

The writers bring evidence to show that the lint hairs continue to be 
produced from the seed coat for a number of days after flower opening. 
More details will be given in a future publication which will show how 
the primordial lint cells may be differentiated. Drawings and _photo- 
graphs are given. (Copied complete from J. T. I., March, 1933, P. A169.) 
(S) 

ELASTIC CoLLoIps: StrrucTuRE. W. F. Busse. J. Phys. Chem., 1932, V. 

36, P. 2862-79. 

Some of the concepts in the term ‘‘molecule’’ are discussed and it is 
pointed out that the mechanical molecule is often the most important one 
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in colloid systems. The elastic properties of colloid systems require, and 
are produced by, a group of four factors—long fibrous molecules, weak 
or uniform cohesive forces around the fibres, an interlocking of the fibres, 
and a means of storing up free energy when the fibres are distorted. The 
theory of the structure of elastic colloids here presented has suggested 
means of preparing fibrous and parchment-like rubbers having rather un- 
usual properties. (Copied complete from J. T. I., April, 1933, P. A230.) 
(S) 


GENUINE SILK AND TUSSAH AND YAMAMAI SILKS: DIFFERENTIATING BE- 
TWEEN, BY MEANS OF Dry Micro-DISTILLATION. E. Beutel, E. Grun- 
steid] and E. Ullmann. Kunststoffe, 1933, V. 23, P. 157-8. 
Genuine, tussah and yamamai silks show, under the microscope, char- 

acteristic differences in appearance after they are heated between smal) 

o”7 


cover glasses. (Copied complete from Chem. Abs., 1933, V. 27, P. 4403.) 
(W) 


IMMATURE AND AFTER-FROST COTTONS: CHEMICAL ANALYSIS. A. W. 
Ssurowaja and P. P. Viktorov. Sa Rekonstrukziju  textilnoi 
Promyschlennosti, 1932, No. 5-6, P. 37-41 (through Chem. Zentr., 
1933, V. i, P. 695.) 

Immature cotton has a smaller cellulose content than mature cotton 
(81: 94.5%); 20-day cotton is unsuitable for use as a textile raw ma 
terial. Mature after-frost cotton possesses the necessary good qualities. 
(Copied complete from J. T. I., April, 1933, P. A217.) (8) 


SHEEP: RESEARCHES INTO Dips AND Dipping. A. Lime-sulphur Dips. 
18th Rep. Director, Veterinary Services and Animal Industry, S. 
Africa, 1932, Part II. 

Paper I.—General Introduction. Lime-sulphur Dips. H. Graf and 
T. J. Wilken-Jorden, pp. 1005-1014. A general introduction to the sub- 
ject of dips and dipping is given, followed by a discussion of the past 
and present use of lime-sulphur dips in South Africa as a means of com- 
bating sheep seab. 

Paper II.—A New Laboratory Method of Chemical Analysis. T. J. 
Wilken-Jorden, pp. 1015-1027. A review of the literature relating to the 
analysis of sulphides, polysulphides, and allied substances is given. For 
the analysis of field and laboratory polysulphide solutions a new volu- 
metric cadmium acetate method has been evolved. 

Paper III.—A Preliminary Study of a Colorimetric Method as a Rapid 
Means of Control of Polysulphide Solutions. T. J. Wilken-Jorden, pp. 
1029-1035. A solution of pure chromic acid in water was found to be 
weil suited as a standard of comparison for the colorimetric determination 
of calcium polysulphides in solution. With certain polysulphide solutions 
under adequately controlled conditions the colorimetric comparison method 
yields excellent results, whereas other polysulphide solutions give both low 
and high values depending on various factors as yet not fully elucidated. 
(Copied complete from J. T. I., April, 1933, P. A234.) (8) 


SinK: Fine Structure or. I-IV. K. Ohara. Sci. Papers Inst. Phys. 
Chem. Rsch. (Tokyo), 1933, V. 21, P. 104-27; Chem. Abs., 1932, V. 
26, P. 5212, 5762; 1938, V. 27, P. 3614, 4403. (W) 
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VISCOSE RAYON: CALCULABLE RELATIONSHIPS IN THE SPINNING OF. Dr. 
Werner Bartham. (German.) Die Kunstseide, April, 1933, P. 136-7. 
The continuous formation of the rayon yarn on the spinning machine 

depends upon definite mechanical conditions. Their relationship to each 

other and to the physical properties of the yarn are governed by laws, 

some of which may be calculated. (S) 


VISCOSE RAYON: CROSS-SECTION SHAPE AND DYEING PROPERTIES OF. A. 
Jager. (German.) Die Kunstseide, May, 1933, P. 122-128. 


Conclusion of an article continued from the April number. The 
following important conclusions are drawn: Fundamental relationships 
between the form of the cross-section and the dyeing properties cannot be 
absolutely determined. The raw material has no effect upon the shape 
of the section of the dye properties. The variations in the shape of the 
section and in the more evident changes in dye properties depend almost 
exclusively on the precipitation. The system of spinning has no influ- 
ence on the shape of the cross-section. Viscose rayon with a given cross- 
section and dyeing property is reproducable if the manufacturing process 
is controlled in all respects throughout its entire duration. With in- 
creased drawing during the spinning the rayon becomes more brightly 
dyed, as it does with increase of salt in the spinning bath. The cross- 
section tends to be more nearly circular with increased drawing but can 
be retained in the flat form under proper conditions. The result of in- 
creasing the acid content using older viscose is variable. The dyeing 
curves of rayon of different ripeness, and spun in baths of differing acid 
content, can under certain circumstances intersect. The spinning bath 
and ripeness in the vicinity of the point of intersection are most suitable 
for manufacturing practice. Magnesium sulfate, and particularly zine 
sulfate, tend to level the dyeing; with increasing carbon disulfide in the 
viscose and zine sulfate in the spinning bath the coloring becomes more 
intense. In some cases the cross-section may be influenced by the quan 
tity of carbon disulfide. (S) 


WooL FIBRES: ORIGIN OF CURLS AND Twists IN. J. E. Nichols. Nature, 

1933, V. 131, P. 201. 

The work is reviewed of Wildman on the fetal lamb’s coat, of 
Duerden on the protorichs characteristic of the natal coat, and of Barker 
and his collaborators on ‘‘crimp.’’ The different forms of spirals (for 
example, horns in sheep) which result from larger accretionary growths 
have been discussed by Thompson and Huxley on mathematical premises 
based upon the existence of growth gradients about different axes of the 
growing region. A suggestion is made that similar systems may operate 
within the comparatively restricted growth zones of hair follicles; the 
forces required to give rise to the various curved forms of fibre may con- 
ceivably follow upon different rates of elaboration of fibre substance at 
different aspects of the follicle. Thus the form growth of the wool fibre 
would simulate in miniature that of the sheep’s horn (omitting, except in 
early stages, the increase of cross-sectional area). The definitive fibre 
would continue as the characteristic deformation associated with the type 
of follicle involved. On this basis an explanation of the rarity of straight 
fibres in fleece growth seems possible. (Copied complete from J. 7. I, 
March, 1933, P. A132.) (S) 
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WooL PRODUCTION: FUNCTION OF CYSTINE IN. O. H. Keys (Massey Agri- 
cultural College). New Zealand J. Agric., 1931, V. 43, P. 262-66. 
An article dealing with the utilization of cystine-sulphur as supplied 

by the proteins in the diet of the animal. The failure on the part of a 

sheep to incorporate sufficient cystine in the growing fibre may be due to a 

variety of factors, hereditary, seasonal, quantitative (inadequate supply 

of eystine) and physiological. The physiological chemistry of cystine is 
discussed as regards the general requirements of the animal body and the 

specific demands for particular purposes. (Copied complete from J. T. I., 

March, 1933, P. A132.) (S) 


II. Yarns AND FABRICS 


DECANTATION OF THE WATER OF SPINNING MILLS THE SAFEGUARD OF THE 

TEXTILE INDUSTRIES. P. Paume. Russa, 1933, V. 8, P. 531-5. 

The importance of complete removal of all traces of suspended matter 
and lime salts from waters used in spinning (particularly silk) is empha- 
sized. An app. is described permitting of obtaining practically perfect 
sedimentation of the water in a simple, efficient manner at low cost. 
(Copied complete from Chem. Abs., 1933, V. 27, P. 4668.) (W) 


FADING OF FABrics Fast To SUNLIGHT. E. C. Hustead. Mell. Tex. Mo., 

1933, V. 4, P. 686-87. 

A description of experiments from which it is concluded that light 
passed through even surfaced plate glass has a lesser fading effect than 
the light which has passed through the common bowed or ‘‘bellied’’ blown 
glass, due primarily to the heat generating tendency of a curved lens-like 


glass. (Copied complete from J. T. J., April, 1933, P. A221.) (S) 


FULLING AND MILLING MACHINERY. E. Kilburn Scott. Dyer, 1933, V. 70, 
P. 19-20; Chem. Abs., 1933, V. 27, P. 4932. (W) 


PHOTO-ACTIVITY OF CLOTHING STUFFS AND BUILDING MATERIALS AFTER 
EXPOSURE TO ULTRA-VIOLET Rays. K. Otsubo. Fukuoka-Ikwadai- 
gaku-Zasshi (Fukuoka Acta Med.), 1932, V. 25. [In Japanese. Ger- 
man summary 135-136.] (Through Bull. Hygiene, 1933, V. 8, P. 
158.) 

It is well known that certain foods when exposed to ultra-violet rays 
acquire antirachitic properties and the author has made various experi- 
ments to determine whether any change occurs in clothing stuffs and 
building materials by exposing them to these rays, and whether such ma- 
terials have any effect on living processes. 

Various clothing materials of cotton, wool, hemp, silk, artificial silk 
and wool were tested and only silk was found to become photo-active. The 
experiments were made on rabbits and guinea-pigs. It was found that 
cotton wool would become active if it was colored with a 0.5% watery 
solution of Methylene Blue or Indigo. 

Among building materials almost all kinds of wood, Japanese rush 
matting, linoleum, cork mats, and nine kinds of marble were found to be- 
come photo-active, whilst bricks, cement, Japanese roofing tiles, slates, 
granite, clay and earth remained inactive. The degree of this photo-ac- 
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tivity depends on the method and length of exposure and its nature is not 
yet clear. If articles which have been rendered photo-active are placed 
in a vessel of glass permeable to ultra-violet rays the activity is lost. It 
seems possible that this photo-activity is not due to radiations, but to 
some substance which is given off in a gaseous form and can be extracted 
by ether from the rayed materials. In his experiments on the effects of 
photo-active materials on the living processes the author used rats and 
small beans. 

A number of rats were placed singly in boxes with double walls of 
netting and fed on insufficient food. Some of the boxes were covered 
with silk or cotton wool colored with Methylene Blue or Indigo, some of 
which had been exposed to ultra-violet rays and some not. It was found 
that the length of life of the animals covered with the photo-active ma- 
terial was longer than that of the animals not so covered and that the 
ratio was 13 to 6. 

Small red Japanese beans were allowed to sprout in a dark room and 
some were covered with photo-active materials. It is well known that 
light inhibits the growth of young plants and here it was found that the 
growth was inhibited by the photo-active material. There is no doubt 
that there is some substance at present unknown which has a considerable 
influence on the living processes of animals and plants. (Copied com- 
plete from J. T. I., March, 1933, P. A173.) (S) 


Rayon Faprics: CoLor AND LustRE or. H. Yorke. Dyer, 1933, V. 69, 
P. 621, 664. 
The importance of lustre for lining materials, and the effects on this 
property of color and of yarn and fabric construction are discussed. 
(Copied complete from Chem. Abs., 1933, V. 27, P. 4932.) (W) 


RENDERING TEXTILES IMPERMEABLE. Herbst. Rev. gen. mat. color., 1933, 
V. 37, P. 307-9; ef. Deut. Farber-Ztg., 1933, V. 69, No. 12. 
Emulsions of Al, waxes, resins, ete., used for waterproofing, permit 

the circulation of air through the fabric. Waterproofing of viscose in 

the process of manufacture is proposed. (Copied complete from Chem. 

Abs., 1933, V. 27, P. 4932.) (W) 


III. CHrmMicaL AND OTHER Processina (Nor 
OTHERWISE CLASSIFIED ) 
AGING ProBLEMS. H. B. Briggs. Dyer, 1933, V. 70, P. 21-2. 
The aging of vat-dyed prints is discussed. (Copied complete from 
Chem. Abs., 1933, V. 27, P. 4932.) (W) 


CELLULOSE: ACTION OF ALKALI ON NATIVE AND MERCERIZED. I, Okamura. 
Naturwissenschaften, 1933, V. 21, P. 393-4. 
For native purified ramie and for the hydrated product (treated with 
a solution of 21.6 g. NaOH per 100 cc., washed and dried) the heats of 
reaction were detd. at 25° with NaOH of conens. up to 48 g. per 100 ce. 
The heats of wetting were separately detd. (3.66 cal. per g. for native 
ramie, 6.09 cal. per g. for hydrated material). The heat effect of alkali 
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treatment corrected for wetting is quite different for the two materials at 
low alkali conen. (up to 20 g. NaOH per 100 ce.), hydrated ramie giving 
the larger heat effect. At alkali conens. sufficient for actual merceriza- 
tion (lattice change) most of the difference disappears and remains con- 
stant, native cellulose having a somewhat higher heat effect (heat of 
transformation). All heat effects inerease with rising alkali concen. 
(Copied complete from Chem. Abs., 1933, V. 27, P. 4667.) (W) 


CELLULOSE ACETATE: TREATMENT OF. S. Brugere. Rev. gen. mat. color., 

1933, V. 37, P. 297-300. 

The time required in the dyeing bath is longer than for viscose. Nee- 
essary dyeing assistants as sulfonated oils tend to overcome the electro- 
static tendency of the acetate. Fixing of opaque pigments on the fibre 
gives a wool-like appearance. (Copied complete from Chem. Abs., 1933, 
V. 27, P. 4932.) (W) 


CHEMICALS USED IN REMOVING VELVET PILE: DERMATITIS FROM. L. 
Schwartz and L. Tulipan. U. S. Pub. Health Repts., 1933, V. 48, P. 
872-5. 

The skin irritant in the three cases cited was the 7% solution of H,SO, 
used in the air gun. Other cases occurred among users of the AICIl,- 
tragacanth-HCHO mix. (Copied complete from Chem. Abs., 1933, V. 27, 
P. 4679.) (W) 


DEGUMMING OF SILK: INFLUENCE OF ALKALIES UPON THE. V, VI. I. 

Toyoda. J. Soc. Chem. Ind., Japan 36, Suppl. binding, 1933, P. 368- 

70; Chem. Abs., 1932, V. 26, P. 2322. 

Silk may remain as much as an hour in 0.001 N NaOH or 0.0067 N 
Na,CO, without harm. Alkalies with soap seem better than either alone, 
judged from the lessened shrinkage. (Copied complete from Chem. Abs., 
1933, V. 27, P. 4679.) (W) 


DyrEInG: A Retrospect or. A. J. Hall. Tex. Recdr., 1933, V. 51, No. 

602, P. 57, 59. 

A review is given of the outstanding improvements in chemicals and 
dyestuffs and their application to bleaching, dyeing and printing during 
the past 50 years. (Copied complete from Chem. Abs., 1933, V. 27, P. 
5190.) (W) 


DyES: MEASURING THEIR STRENGTH TO LicHT. G. Martin, J. Nieder- 

hauser, J. Pinte and R. Toussaint. Rev. gen. mat. color., 1933, V. 37, 

P, 281-3. 

Experiments indicate limitations and defects in measuring the strength 
of dyes under the proposed guide and method for eight dyes of the Ger- 
man Commission for Strength of Colors to Light. Concentration and 
length of exposure should be specified for obtaining a definite coeff. 
(Copied complete from Chem. Abs., 1933, V. 27, P. 4931.) (W) 


ENZYMES: SOAP-LIKE ACTION oF. Th. Ruemele. Seifensieder-Ztg., 1933, 

V. 60, P. 471-2. 

The degumming of natural silk can be done with enzyme preparations 
(pancreas) at 80°; this prevents felting of any wool fibre that may be 
present; it is usually followed by a soap treatment. (Copied complete 
from Chem. Abs., 1933, V. 27, P. 5192.) (W) 
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ITV. RESEARCH METHODS AND APPARATUS 


CELLULOSE ACETATE: DETERMINATION OF ACETIC ACID IN. K. Atsuki and 
K. Kagawa. J. Soc. Chem. Ind., Japan 36 Suppl. binding, 1933, P. 
340-2. 

To determine AcOH in all types of cellulose acetate, soak a 0.5-0.6-g. 
sample with 2 cc. of a standard H,SO, soln. (approx. 55%) for 1-3 days 
at 20-40°, depending upon the nature of the sample. Wash the mixture 
into a glass-stoppered flask containing 50 cc. of N NaOH solution. Let 
stand two hours at 20-30°, with frequent shaking, and titrate the solution 
with N HCl, using phenolphthalein indicator. (Copied complete from 
Chem. Abs., 1933, V. 27, P. 4667.) (W) 


Corton Hair: FINENESS. Lipowsky. Spinn. u. Web., 1933, V. 51, No. 7, 

P, 1-4. 

Methods of determining the fineness of textile fibres are discussed 
and the advantages of Johannsen’s bundle method are pointed out. In 
the metrie system fineness is given by the quotient of the length (1) and 
the weight (g). For a bundle of fibres of the same length the fineness 
of the individual fibres is given by the relation al/g. The method involves 
the preparation of a bundle of fibres of constant length and measure- 
ments of the weight and the number of fibres in the bundle. These opera- 
tions are described. In order to determine the effect of spinning proc- 
esses on the fineness of cotton hairs, tests were made on bundles taken 
from raw cotton, the card sliver, and the yarn. The tabulated data show 
that the spinning processes have no appreciable effect on the fineness of 
the individual hairs. The longer hairs were found to be finer than the 
shorter hairs. When using fineness determinations for assessing the spin- 
ning quality of cotton it is advisable to make microscopical examinations 
in order to discover if high degrees of fineness are due to the presence of 
immature hairs. Such hairs have low strength and poor dyeing proper- 
ties. (Copied complete from J. T. I., April, 1933, P. A217.) (S) 


FIBRES: MICROSCOPE ANALYTICAL TESTS. M. Liidtke. Faserforsch., 1932, 

V. 10, P. 43-58. 

This article describes the following methods of analyzing vegetable 
fibres—decomposition by means of caustic soda or sulphite, swelling tests 
in cuprammonium solution, carbonisation, followed by measurement of the 
fibrille, reaction with alcoholic phloroglucinol, detection of cellulose with 
chlor-zine-iodide and other colour reactions, and chemical tests for xylar 
and mannan. Microphotographs are reproduced. (Copied complete from 
J. T. I., March, 1933, P. A162.) (8) 


HarD CorDAGE Fipres: TECHNOLOGICAL StuDy oF. Sisal and Manila. J 
Dantzer and O. Roerich. Bull. agence gen colonies, 1933, V. 26, P 
281-96. 

Methods are described for detg. rigidity, fineness, tensile strength 
and for distinguishing between Manila and sisal. Comparative tests 
showed that, as regards nearly all its technological qualities, Manila hemp 
is superior to sisal. (Copied complete from Chem. Abs., 1933, V. 27, P. 
4679.) (W) 


